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of merchantability or fitness for a particular application. Vantis assumes no responsibility for the use of any cir- 
cuitry other than the circuitry in a Vantis product. 


The information in this publication is believed to be accurate in all respects at the time of publication, but is 
subject to change without notice. Vantis assumes no responsibility for any errors or omissions, and disclaims 
responsibility for any consequences resulting from the use of the information included herein. Additionally, Vantis 
assumes no responsibility for the functioning of undescribed features or parameters. 


Trademarks 
Vantis, the Vantis logo and combinations thereof, Beyond Performance, Bus-Friendly, DesignDirect, 
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Welcome to Vantis! We are proud to introduce our new 1999 Data Book. It’s not just MACH® 
anymore! Now featuring our entire line of programmable logic products, this is our most 
comprehensive and easy-to-use data book to date. 


Vantis brings unmatched emphasis and depth to the industry with our high-density MACH (Macro 
Array CMOS High Density) CPLD family, our newly-announced FPGA (field programmable gate 
array) family, VF1™, as well as our SPLD product, the PAL®. In addition, our current software 
offerings have been expanded to include the DesignDirect™ tool suite, establishing software as a 
much stronger part of the Vantis solution. 


Vantis’ MACH 4 and MACH 5 families represent the most comprehensive CPLD offering in the 
industry. Currently the leader in 3.3-Volt offerings, the MACH family has recently been expanded 
with the MACH 4A and MACH 5A product lines offering even greater density solutions while still 
maintaining the exceptional performance MACH devices are known for. 


The VF1 family marks Vantis’ entry into the FPGA market. These new devices are designed to 
effectively double system performance by providing 50-100 percent faster system speed than any 
other FPGA vendor. 


Innovation and dedicated focus are at the heart of everything we do here at Vantis. From the 
development of ground-breaking architectures and advanced process technologies to our industry- 
renown customer service. At Vantis, programmable logic performance is not measured in 
nanoseconds alone. By combining software performance with proven quality and reliability and 
the best on-time-delivery in the business, Vantis is committed to taking our customers Beyond 
Performance. 


Cheers, 


QnirowD PL 


Andy Robin 
Vice President of Marketing 
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Formed in 1996, Vantis is an AMD company that exists solely to better serve the specialized 
requirements of programmable logic customers. Vantis brings expertise to the industry from almost 
two decades of innovation and excellence as one of the top PLD suppliers. 


TOTAL PROGRAMMABLE LOGIC LEADERSHIP 


Today’s leading-edge electronic systems require programmable logic devices (PLDs) to provide a 
variety of benefits including quick time-to-market and design flexibility. Vantis is one of the only 
PLD suppliers that offers a complete portfolio of programmable logic solutions: SPLDs (Simple 
PLDs), CPLDs (Complex PLDs) and FPGAs (Field Programmable Gate Arrays). This complete 
portfolio ensures the optimal solution for each system need. In addition, Vantis PLDs are 
recognized as the industry’s highest performance devices. 7 


Vantis is more than just the speed performance leader. Vantis ships more PLD components than 
any other supplier. Becoming the PLD volume leader required paying close attention to our 
customers’ needs. These needs include accelerating system performance, simplifying PLD 
integration and delivering results with outstanding product quality that exceed our customers’ 
expectations. At Vantis, we refer to this total product commitment as “Beyond Performance”. 


Accelerating System Performance 


As the PLD performance leader, Vantis strives to enhance every aspect of our products to provide 
superior benefits to the designer. There are three basic components that affect performance in PLD 
devices: process technology, architecture and circuit design techniques. Vantis excels in all three. 


Process Technology: Vantis utilizes leading-edge process technologies to drive system 
performance. In addition, Vantis has an experienced process technologies group that specializes 
in defining next-generation processes and improving existing processes. These technical experts 
also work closely with Vantis circuit designers to exploit process features to the fullest for superior 
speed performance while optimizing for other important device attributes such as low-power 
operation and 5-Volt tolerant I/Os in 2.5-Volt processes. 


Architecture Design: The basic device concept, or architecture, can greatly affect how fast the 
PLD device will run. Vantis has proven its performance leadership by designing and shipping faster 
programmable logic solutions. The original 22V10 architecture, the MACH® CPLD architectures and 
the innovative VF1™ FPGA architecture are examples of high-performance architecture leadership. 
All were specified and designed to provide better performing solutions. For example, the MACH 
products are SpeedLocked™ to ensure guaranteed timing regardless of usage, a capability that no 
other supplier offers. And, VF1 FPGAs offer a unique Variable-Grain-Architecture™ that adapts to » 
the designer’s logic to achieve faster performance. 


Circuit Design: Circuit design affects every aspect of PLD performance. Special attention is paid 

to minimize data setup time and clock-to-output time, resulting in faster external system bus 
speeds. Analog phase-locked-loops are designed to offer clock multiplication, doubling and 

tripling internal frequencies. On-chip drivers are scaled for optimal interconnect performance 


Publication? DB99Intro 
Amendment/0 Issue Date: November 1998 


improving overall chip speed. In addition, logic and memory blocks are carefully planned to yield 


maximum speed and versatility. All of these are accomplished while minimizing power dissipation 
and with minimal silicon overhead. 


The focus Vantis places on PLD performance in process, architecture and circuit design translates 
into accelerated system speeds and shorter design cycles for the customer. Vantis is the PLD 
performance leader. 


Simplifying System Integration 


The time-to-market advantage of PLD technology allows system designers to complete the design 
of programmable logic devices long after many other components on the printed circuit board 
(PCB) have been finalized. This implies that the PLD must seamlessly integrate into a pre-defined 
system environment. System integration issues may include power dissipation limitations, In- 
System Programming (ISP) requirements and I/O interoperability. Vantis believes that simplifying 
system integration is key to the success of Vantis and our customers. 


To enable fast and easy integration into leading-edge electronic systems, Vantis provides 3.3-Volt 
safe 5-Volt devices, 5-Volt tolerant 3.3-Volt devices and a roadmap to 2.5-Volt operation. PCI 
compliance, hot-socketing, programmable slew rate, and programmable Bus-Friendly™ or pull-up 
operation are additional Vantis capabilities that aid in system integration. Power management 
capabilities allow the users of Vantis devices to trade speed in non-critical portions of their designs 
for lower power consumption. This feature, combined with the industry’s most robust offering of 
3.3-Volt devices, allows users to reduce their overall power consumption. Testability and 
programming are supported through the use of industry-standard JTAG interfacing. The use of the 
JTAG industry standard, not universal among PLD suppliers, further simplifies the integration of 
Vantis PLDs into the customer's overall system. Also, the availability of industrial and commercial 
temperature range devices allows designers to use these capabilities over a wide range of 
operating conditions. Most importantly, Vantis PLDs ey system integration without 
compromising speed. 


Delivering Results 


Programmable logic's key value proposition to electronic system designers is time-to-market. Yet 
time-to-market is often achieved at the expense of system performance. Vantis ensures that 
designers can quickly access the performance that they seek while exploiting the time-to-market 
value provided by PLDs. Vantis takes the first step in delivering this capability many months before 
producing the first silicon of a new product family. Device architects, software tool designers and 
silicon engineers work in concert to ensure that new Vantis architectures easily support capabilities 
such as First-Time-Fit™, Fast-Fit-Time™, pin-locking, SpeedLocking™, and greater logic flexibility. 
Vantis DesignDirect™ software enables system designers to easily access these features. 
DesignDirect software is available either as a fully-integrated tool providing all design steps from — 
capture to device programming or as a stand-alone silicon implementation tool that interfaces 
seamlessly with the industry’s most popular third-party design capture, synthesis and simulation 
tools. DesignDirect software provides a rapid design environment that facilitates design changes 
while delivering superior speed performance to the customer. Vantis is committed to delivering 
superior results to our customers. 
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VANTIS PRODUCTS 
MACH CPLDs 


Addressing the need for speed in networking, telecommunications, and computing, Vantis’ 
MACH 1, 2, 4 and 5 families offer the industry’s highest performance CPLDs. Devices are available 
in speeds as fast as 5ns tpp and in densities ranging from 32 to 512 macrocells. The MACH families 
are PCI-compliant and support JTAG-ISP, a critical customer requirement providing flexibility in 
the manufacturing environment. They also include other features such as SpeedLocking 
architecture for guaranteed fixed timing, Bus-Friendly inputs and I/Os, and programmable power- 
down modes for extra power savings. 


MACH 4 Family 


Vantis’ MACH 4 family is the most flexible CPLD solution on the market today, providing designers 
with high-speed, SpeedLocked solutions for both 5-Volt and 3.3-Volt applications. With the 
architecture of multiplexer-based central switch matrices, MACH 4 delivers First-Time-Fit, Fast-Fit- 
Time, and easy system integration with 100% pin-out retention after any design change and refit. 
Other features include synchronous and asynchronous modes available for each macrocell, and 
input registers for extra design flexibility. 
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MACH 4A Devices 


128 
120 - 


1/Os 


32 64 96 128 192 256 
Macrocells 


MACH 5 Family 


The MACH 5 family from Vantis offers high-performance CPLDs with speeds as fast as 5.5ns and 
densities ranging from 128 to 512 macrocells. All MACH 5 family members deliver fast fit and easy 
system integration with excellent pin-out retention. The MACH 5 family is the industry’s fastest 
high-density CPLD family enabling significantly higher speeds at higher densities than ever 
achieved before. 
MACH 5A Devices 
256 
192 


160 
120 


1/Os 


104 
74 


428 « 4«4©192 256 320 384 ~=#« 512 


Macrocells 
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VF1 FPGAs 


Vantis’ VF1 family is designed to provide “best in class” performance with a combined synergy of 
software and architecture that delivers unmatched Ease-of-Success™ to customers. Providing the 
industry’s most cost-effective FPGA solutions for high-performance, low-power systems, products 
from the Vantis VF1 family are designed to provide 50 to 100 percent faster system speed than any 
other FPGA vendor, effectively doubling system performance. 


The VF1 family is based on a proprietary innovative and synthesis-friendly Variable-Grain- 
Architecture design, unique Variable-Length-Interconnect™ hierarchy, and high-performance 
embedded memory. The VF1 architecture provides the ability to vary FPGA block configuration to 
adapt to a large variety of possible applications and design styles. The VF1 chip is designed with 
embedded, dual-port, 5-ns memory. Strategically located in vertical channels on the device, the 
memory provides maximum connectivity for the surrounding logic. At the core of the VF1 family 
architecture is Variable-Grain-Block™ (VGB™) logic. Each VGB is capable of implementing fine- 
grained three-input functions to coarse-grained 16-input functions, all providing extremely high 
performance. In addition, adjacent VGBs can be combined to create fast 32-input functions. 


VF1 Devices 


240/288 
168/204 
164 
124 
108 


I/Os 


12K 20K 25K 36K 
Gates 


PAL SPLDs 


As the SPLD leader, Vantis continues to provide a broad range of products including all the 
fundamental SPLD architectures. We offer key PAL devices in speed grades as fast as 5ns, along 
with low-power options, 3.3-Volt versions, industrial temperature range devices, and a wide range 
of packages. 


Vantis Software 


Vantis offers a suite of world-class software including DesignDirect software, MACHXL® software, 
and MACH-Synario software. 


Vantis now offers internally-developed software targeted at FPGA, CPLD and SPLD devices. The 
DesignDirect software tool suite supports flexible top-down design methodologies optimized for 
high-density PLD design, thus allowing users to realize the benefits of designing in HDLs without 
sacrificing design performance and utilization. 


MACHXL software is the design implementation software for Vantis MACH and PAL devices that 
allows designers to use their own third-party design tools. 
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MACH-Synario software is a complete development system for MACH and PAL devices, providing 
a highly productive, low-cost environment for the design, implementation and simulation of 
VHDL, ABEL-HDL, and schematic-based designs on the PC. 


BEYOND PERFORMANCE 


To Vantis, Beyond Performance means providing our customers with more than what the 
competition offers. It means providing easy-to-use, high-performance devices that will help our 
customers get their products to market quicker. It means allowing them to breathe easy, knowing 
they can get top-notch customer support, day or night. It also means easy-to-use software that 
allows customers to design at the push of a button, and a proven 98 percent on-time delivery rate. 
Vantis knows how important it is to go beyond providing our customers with just the performance 
they desire. Vantis is committed to helping our customers succeed in the marketplace. 
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That’s why Vantis takes you Beyond Performance. 
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MACH® 4 FAMILY 
Table 1. MACH 4 Devices’ 
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Macrocells Dedicated | Output PT per Output 
Package { (PLD Gates) Enables | (w/NO speed adder) 
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M4(LV)-128N/64-7 
MA(LV)-128N/64-10 
wa(ly-t2eNea-12 | i 6000) 
Ma(LV)-128N/64-15 
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M4(LV)-256/128-15 55.6 
Notes: 
1. M4 devices reflect a new nomenclature. A brief cross reference is provided below: 
OLD OPN NEW M4 OPN OLD OPN NEW M4 OPN 
MACH355---> M4-96/96 MACH446---> M4-128/64 
MACH436---> M4-128N/64 MACH466---> M4-256/128 
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2. MACH devices are dual-marked with both commercial and industrial speeds while CMOS PAL devices are marked separately. 
3. Minimum setup time from input, /O, or feedback to clock. 


. 4, Maximum time from clock to output. 


Publication# 10253 Rev: V 
Amendment/0 Issue Date: November 1998 


< 


Table 2. MACH 4A Devices! 
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inputs Enables Output 
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Notes: 
1. Advance Information 


2. MACH devices are dual-marked with both commercial and industrial speeds while CMOS PAL devices are marked separately. 
3. Minimum setup time from input, I/O, or feedback to clock. 
4 


. Maximum time from clock to output. 
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MACH 5 FAMILY 
Table 3. MACH 5 Devices 
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Package (PLD Gates) Enables Output JTAG-ISP MHz ns 
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MSLV-256/68-5 


M5(LV)-256/68-7 
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Table 3. MACH 5 Devices (Continued) 
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Table 3. MACH 5 Devices (Continued) 


[Commercial 
ose neem | no TST [ne 
Package (PLD Gates) | I/Os Enables Output | JTAG-ISP 
M5(LV)-384/120-7 4 
M5(LV)-384/120-10 ‘conor 384 = ner 
M5(LV)-384/120-12 (15,000) 
M5(LV)-384/120-15 
M5(LV)-384/160-7 
M5(LV)-384/160-10 384 
208PQEP 
M5(LV)-384/160-12 (15,000) 
M5(LV)-384/160-15 nea 
M5(LV)-384/184-7 
M5(LV)-384/184-10 84 
M5(LV)-384/184-12 ae fico) ie 
M5(LV)-384/184-15 
M5(LV)-384/192-7 
| M5(LV)-384/192-10 sedans 384 s 
M5(LV)-384/192-12 (15,000) 
M5(LV)-384/192-15 
M5(LV)-512/120-7 
M5(LV)-512/120-10 ieee 512 an 
M5(LV)-512/120-12 (20,000) 
M5(LV)-512/120-15 
M5(LV)-512/160-7 
M5(LV)-512/160-10 512 
208PQFP 
M5(LV)-512/160-12 (20,000) 
M5(LV)-512/160-15 ome = 
M5(LV)-512/184-7 
M5(LV)-512/184-10 an 512 
M5(LV)-512/184-12 (20,000) 
M5(LV)-512/184-15 
M5(LV)-512/192-7 
M5(LV)-512/192-10 ren 512 
M5(LV)-512/192-12 (20,000) 
M5(LV)-512/192-15 
M5(LV)-512/256-7 
M5(LV)-512/256-10 eke 512 sis 
M5(LV)-512/256-12 (20,000) 
M5(LV)-512/256-15 


Notes: 
1. MACH devices are dual-marked with both commercial and industrial speeds while CMOS PAL devices are marked separately. 
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2. Minimum setup time from input, I/O, or feedback to clock. 


3. Maximum time from clock to output. 
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Table 4. MACH 5A Devices’ 


en a a | | | we | 

Dedicated | Output PT per font 

Package 1/Os inputs Enables Output | JTAG-ISP Slerele |e 
Pw fo fe ts [7 | 
esteem) = fs) «| + om : = pep 
[io [aw [oe fs [7 
pa fest fe Te 
= a mee ae [ae fe os 7 | 
160PQFP | 128 120 4 16 Up to 32 Yes -P4 Bea. 
Pe fests [sys | 
[10 | 10 
Po [aw fe fs [7 
[MeAGs)922010 Po [aw fe fs [7 
pe [ests [ey s | 
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Table 4. MACH 5A Devices! (Continued) 


PT per 
Output JTAG-ISP 


~ 
: 
; - 
~ 


Dedicated Output 


Enables 


[Cereal | na 
Beira 
Package MHz ns 
M5A(3,5)-256/68-5 
M5A(3,5)-256/68-7 
100PQFP 
M5A(3,5)-256/68-10 


| 10 | 12 5 7 
cafes ep} ps 


M5A(3,5)-256/68-12 


MS5A(3,5)-256/74-5 
MS5A(3,5)-256/74-7 
100TQFP 
M5A(3,5)-256/74-10 . 
MS5A(3,5)-256/74-12 
5 
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Table 4. MACH 5A Devices' (Continued) 


Dedicated Output PT per 
Package Macrocells | I/Os Inputs Enables Output | JTAG-ISP 


160PQEP 384 4 Upto32 | Yes 
Pie [ee foe fs fa 
: 
6.5 166.7 10 
208PQEP 384 4 Upto32 | Yes 
ie [00 
: 
384 4 
512 


48 
ey 
73 
bs] 
48 | 10 | 
Lae 
181. 
166.7 | 10 | 
256BGA 48 | Upto32 | Yes | 10 | 
| 
fee 
i 
64 sande 
| 10 
| | 


Device 
M5A3-384/120-5 
M5A3-384/120-6 
M5A3-384/120-7 
M5A3-384/120-10 
M5A3-384/120-12 
M5A3-384/160-5 
M5A3-384/160-6 
M5A3-384/160-7 
M5A3-384/160-10 
M5A3-384/160-12 
M5A3-384/192-5 
M5A3-384/192-6 
M5A3-384/192-7 
M5A3-384/192-10 
M5A3-384/192-12 
M5A3-512/120-5 
M5A3-512/120-6 
M5A3-512/120-7 
M5A3-512/120-10 
M5A3-512/120-12 
M5A3-512/160-5 
M5A3-512/160-6 
M5A3-512/160-7 
M5A3-512/160-10 
M5A3-512/160-12 
M5A3-512/192-5 
M5A3-512/192-6 
M5A3-512/192-7 
M5A3-512/192-10 
M5A3-512/192-12 
M5A3-512/256-5 
M5A3-512/256-6 
M5A3-512/256-7 
M5A3-512/256-10 
M5A3-512/256-12 


oO 


ee 


a ho = 


120 

160 

192 125 

| 

160PQEP 120 4 Upto32 | Yes 10 
- Eee “| 
256BGA 512 (| 192 4 64 | Upto32 | Yes 125 
7 : | ; 


. MACH devices are dual-marked with both commercial and industrial speeds while CMOS PAL devices are marked separately. 
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Notes: 
1. Advance Information 


2 
3. Minimum setup time from input, I/O, or feedback to clock. 
4 


. Maximum time from clock to output. 
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MACH 1 & 2 FAMILIES 


oO 
< 
we, 
=, 
a 
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Table 5. MACH 1 Devices 
PT per Output 


[commercial | 
Macrocells Dedicated | Output teo? 
Package (PLD Gates) (w/ NO speed adder) | JTAG-ISP ns 


MACHT Pa [me pw 7 fe 
MACHT ris [we fe [wo [wo 
WACO? ; ras [as [wo | 555 
MACH131-10 84PLCC a0) 64 Up to 12 | 10 | 100 | 2 | 65 | 6 | 
MACHT Pape Pw [7 |e 
MACH Dis [oe [ae [wo | 


Table 6. MACH 2 Devices 
mee S [i] 2 |e 


-~ Macrocells Dedicated | Output PT per Output ie 
Package (PLD Gates) | W/Os Enables | (w/ NO speed adder) 
MACH211-10 | 44pice, 64 | 10 | 100 | 65 | 6 
MACH2I1-12 | 44TQRP | (2500) | ™ | a2 | 33 | 4] 7 | 8 
MACH211-15 | 10 | 
MACH221-7 
a4 |-[+[+| = [+ BEES 
MACH221-12 (3750) | 12 | 833 [rie | 
MACH221-15 | 15 | 66.6 | 10 
MACH231-6 | 6 | 166 | 
MACH231-7 
MACH231-12 | 12 | 833 fe | 
MACH231-15 | 15 | 66.6 | | 10 | 


Notes: 
1. MACH devices are dual-marked with both commercial and industrial speeds while CMOS PAL devices are marked separately. 
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2. Minimum setup time from input, I/O, or feedback to clock. 


3. Maximum time from clock to output. 
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Table 7. MACH 1SP Devices 
PT per Output Icc mA 


[commercial | wa 
Macrocells Dedicated | Output rae 
Package (PLD Gates) /Os Enables | (w/ NO speed adder) | JTAG- ea (Static) 


ees 
Petstetst 
cafe a 
Tis ose De ww 
spe [33 Pao 
Pass [0 [ss 
ated pe ple eS 
7 76.9 | 
rs Pose De Dw 


Table 8. MACH 2SP Devices 


MACH131SP-15 
[commerce 
Macrocells Dedicated | Output PT per Output | te | fag | oe | te” 
Package (PLD Gates) | I/Os Enables | (w/ NO speed adder) | JTAG- ee Ea ns 


Beas 
Casas Pops as 
wy} ame | a | woe | we [peeps pe] a 
re fespae 7 pe 
rs eco [wo 
spas pe pas fs 
wee | we Cele tebe] 
or racoceern 
acts Dw Pw 
Fe foe 
‘ice fren 2 Up 16 vs [| 12 | 833 | M4 | 
pa 


Notes: 
1. MACH devices are dual-marked with both commercial and industrial speeds while CMOS PAL devices are marked separately. 


2. Minimum setup time from input, I/O, or feedback to clock. 


3. Maximum time from clock to output. 


The MACH110, MACH120, MACH130, MACH210, MACHLV210, MACH215, MACH220 and MACH230 devices are not listed above 
and are not recommended for new designs. However, they are still supported by Vantis. For technical or sales support, please call 
your local Vantis sales office or visit our Web site at www.vantis.com for more information. 
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VF1 FAMILY 
Table 9. VF1 Devices 


Usable VGB Global VGB 1/0 Commercial Industrial 
Gates Array Size Package Os | Clock Pins ae _— — — JTAG | Speed Grades | Speed Grades 


124 


O 
< 
O 
—— 
<, 
oy 
= 


VF1012 


VF1025 20x20 
ase | 2 
ie 

VF1036 24x24 | -256BGA | 204 | 
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CMOS PAL® FAMILY 
Table 10. Universal CMOS 16V8 PAL Devices 


| [commercial | tna 
Dedicated PT per font 
Device 1/Os Inputs Output aa 


PALCE16V8H-7 
[PALCEI6V8H-10 | 10 
20P, S, J 
a 15 
ee 6V8H-25 
Pacer 6V8Q-10 
PALCEIGV8Q-15 PALCEIGV8Q-15 5 
20P, J 
[PALCEI6V8Q-20 | eee 
PALCEI6V8Q-25 
Dedicated PT per 
ae 1/0s Inputs Output 
|PALCE2OV8H-5 5 
——— 7 7 
Half Power CMOS 
|PALCE20VBH-10 | 10 
24P, 28] PAL Device 
eens 15 
a 
a — [PALCE20V8Q-10 
PALCE2OVEQ-15 | PALCE2OVEQ-15 | 
24P, 28 J 
ad -20 
PALCE20V8Q-25 


Notes: 
1. MACH devices are dual-marked with both commercial and industrial speeds while CMOS PAL devices are marked separaiely. 


Half Power CMOS 
PAL Device 


Quarter Power CMOS 
PAL Device 


Quarter Power CMOS 
PAL Device 


2. Minimum setup time from input, I/O, or feedback to clock. 


3. Maximum time from clock to output. 
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Table 12. Universal CMOS 22V10 PAL Devices 


Dedicated | PT per 3 | IecmA 
Package /Os Inputs Output (Static) 


PALCE22V10H-5 
PALCE22V10H-7 . 
PALCE22V10H-10 24 S, 
12 8 to 16 prod teem 
PALCE22V10H-15 Distribution 
Bus-Friendly ™ 
PALCE22V10H-20 


PALCE22V10H-25 


PALCE22V100-10 | 

PALCE22V100-15 24, 28) 8 to 16 Quaner Power 
Bus-Friendly 

PALCEZ2V10Q-25. 


Dedicated PT per 
Package 1/Os Inputs Output 
PALCE24V10H-15 
28P, J 8 to 16 CMOS PAL Device 
[PALCE24V10H-25 | 25 
Table 14. Universal CMOS 26V12 PAL Devices 


[—conmerciat |e 
Dedicated PT per font Icc MA 
— /Os Inputs Output MHz (Static) 


PALCE26V12H-10 105 
PALCE26VI2H-15 15 28P J Bus-Friendly Py cdoe=| 
ee 20 


Notes: 
1. MACH devices are dual-marked with both commercial and industrial speeds while CMOS PAL devices are marked separately. 


2. Minimum setup time from input, I/O, or feedback to clock. 


3. Maximum time from clock to output. 
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Table 15. Universal CMOS 29M16 a Devices 


Dedicated | PT per en tco? Icc MA 
Package VOs Inputs Output MHz ns (Static) 


raceounen2s | vag [16 [5 | #16 | airmen | a5 | 3] - | 5 [5 | 100 


Table 16. Zero Power CMOS PAL Devices 


Dedicated Icc MA 
Package /Os (Static) 
16V8 | PALCE16V8Z-15 ey Zero Power CMOS 
PAL Device 
3s { so | 5 | » [| 0 | cos 


PALCE16V8Z-25 
PALCE22V10Z-15 24P 28 
poyig LPALCEZ2vIoz15 | tn any | a (pees eee 
PALCE22V10Z-25 
Table 17. 3.3-V Low Voltage CMOS PAL Devices 


[commercial [na 
Dedicated | PT per font icc mA 
Package VOs Inputs Output MHz (Static) 


“wr Pe fes[-[7]? | =| 
ce ee oe 


ae Pee oe los eo 
PALIV22V10-15 0-15 


ce 
Table 18. Asynchronous Universal PAL Devices 
Icc MA 


Pair | - | - 1s] 6 |» [oo 
[commercat | i 
Dedicated | PT per font tco? 
Package /Os inputs Output MHz ns (Static) 


[PALCE2ORAIOH20 | Cae Pe fst fo 
| toi | rrogaxawwe | 2 [33 | - [| os | os | im | 


Notes: 
1. MACH devices are dual-marked with both commercial and industrial speeds while CMOS PAL devices are marked separately. 


2. Minimum setup time from input, I/O, or feedback to clock. 
3. Maximum time from clock to output. 
4. Specified as fyx (External Feedback) 


This databook contains the PAL device information for the PALCE16V8, PALLV16V8, PALCE20V8, PALCE22V10, and PALLV22V10. 
For information on other PAL devices, please refer to the datasheets on our Web site at www.vantis.com. 
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MACH 4 CPLD Family 


| BEYOND PERFORMANCE High Performance EE CMOS 
Programmable Logic 


FEATURES 


o 
® 


e¢¢ 


High-performance, EE CMOS 3.3-V & 5-V CPLD families 

Flexible architecture for rapid logic designs 

— Excellent First-Time-Fit™ and refit 

— SpeedLocking™ for guaranteed fixed timing 

— Central, input and output switch matrices for 100% routability and 100% pin-out retention 
High speed 

— 5.0ns tpp Commercial and 7.5ns tpp Industrial 

— 182MHz font 

32 to 256 macrocells; 32 to 384 registers 

44 to 256 pins in PLCC, PQFP, TQFP and BGA packages 

Advanced capabilities for easy system integration 

— 3.3-V & 5-V JEDEC-compliant operations 

— JTAG (IEEE 1149.1) compliant for boundary scan testing 

— 3.3-V & 5-V JTAG in-system programming 

— PCI compliant (-50/-55/-60/-65/-7/-10/-12 speed grades) 

— Safe for mixed supply voltage system designs 

— Programmable pull-up or Bus-Friendly™ inputs and I/Os 

— Hot-socketing | 

— Programmable security bit 

— Individual output slew rate control 

Flexible architecture for a wide range of design styles 

— D/T registers and latches 

— Synchronous or asynchronous mode 

— Dedicated input registers 

— Programmable polarity 

— Reset/ preset swapping 

Advanced EE CMOS process provides high-performance, cost-effective solutions 
Supported by Vantis DesignDirect™ software for rapid logic development 
— Supports HDL design methodologies with results optimized for Vantis 
— Flexibility to adapt to user requirements 


Soljweq HOVIN 


_ — Software partnerships that ensure customer success 


Vantis and third-party hardware programming support 

— VantisPRO™ (formerly known as MACHPRO®) software for in-system programmability 
support on PCs and automated test equipment 

— Programming support on all major programmers including Data I/O, BP Microsystems, Advin, 
and System General 


Publication# 17466 Rev: F 
Amendment/0 Issue Date: November 1998 


Table 1. MACH 4 Device Features! 


M4LV-32/32 | M4LV-64/32 | M4LV-96/48 | M4LV-128/64 | M4LV-128N/64 | M4LV-192/96 | M4LV-256/128 
a 
tpp ( | 
tcos 


JTAG Compliant 
PCI Compliant 


Notes: 
1. For information on the M4-96/96 device, please refer to the M4-96/96 datasheet at www.vantis.com. 


2. “M4-xxx” is for 5-V devices. “M4LV-xxx” is for 3.3-V devices. 


Table 2. MACH 4A Device Features" 


M4A5-32/32 | M4A5-64/32 | M4A5-96/48 M4A5-128/64 M4A5-192/96 M4A5-256/128 
Meco iS a 
fog Le 
stairs [ta ee 
Notes: | 


1. All information.on MACH 4A devices is Advance Information. Please contact a Vantis sales representative for details on 
availability. 


2. “M4A5-xxx” is for 5-V devices. “M4A3-xxx” is for 3.3-V devices. 


S 
5 


0 
ae 
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GENERAL DESCRIPTION 


The MACH® 4 family from Vantis offers an exceptionally flexible architecture and delivers a 
superior Complex Programmable Logic Device (CPLD) solution of easy-to-use silicon products and 
software tools. The overall benefits for users are a guaranteed and predictable CPLD solution, faster 
time-to-market, greater flexibility and lower cost. The MACH 4 devices offer densities ranging from 
32 to 256 macrocells with 100% utilization and 100% pin-out retention. Both the MACH 4 and the 
MACH 4A families offer 5-V (M4-xxx and M4A5-xxx) and 3.3-V C(M4LV-xxx and M4A3-xxx) 
operation. : 


All MACH 4 products are 5-V or 3.3-V in-system programmable through the JIAG (IEEE Std. 1149.1) 
interface. JTAG boundary scan testing capability also allows product testability on automated test 
equipment for device connectivity. 


All MACH 4 family members deliver First-Time Fit and easy system integration with pin-out 
retention after any design change and refit. With multi-tiered central switch matrices, enhanced 
logic arrays, intelligent logic allocators with an XOR gate and multi-clocking, the MACH 4 family 
has D or T-type registers and latches as well as synchronous/asynchronous logic and flexible set/ 
reset capabilities. For both 3.3-V and 5-V operations, MACH 4 products can deliver guaranteed 
fixed timing as fast as 5.0 ns tpp and 182 MHz foxy through the SpeedLocking feature when using 
up to 20 product terms per output (Tables 3 and 4). 


Table 3. MACH 4 Speed Grades 


Speed Grade! 


a ee 
MALV-32/32 
MA4LV-64/32 , 
MALV-96/48 : 


M4-128N/64 ; = os 
MALV-128N/64 
M4-192/96 : a 
MALV-192/96 
M4-256/128 

C CI 
MALV-256/128 


Note: 
1. C=Commercial, I= Industrial 
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M4-128/64 ¢ C1 et C 
MA4LV-128/64 


= 
> 
A 
x 
“TY 
pe) 

3. 
a 
Va) 


Table 4. MACH 4A Speed Grades 
<a —— 2 


M4A3-32/32 

i 
M4A3-64/32 

M4A5-64/32 

M4A3-96/48 

ee [ef [- [ets a 
M4A3-128/64 

M4A5-128/64 a 


M4A3-192/96 7 ; ¢ 
M4A5-192/96 
M4A3-256/128 

C C C 
M4A5-256/128 


Notes: 
1. C=Commercial, I= Industrial 


2. Allinformation on MACH 4A devices is Advance Information. Please contact a Vantis sales representative for details on 
availability. 


The MACH 4 family offers 6 density-I/O combinations in Thin Quad Flat Pack (TQFP), Plastic Quad 
Flat Pack (PQFP), Plastic Leaded Chip Carrier (PLCC), and Ball Grid Array (BGA) packages ranging 
from 44 to 256 pins (Tables 5 and 6). It also offers I/O safety features for mixed-voltage designs 
so that the 3.3-V devices can accept 5-V inputs, and 5-V devices do not overdrive 3.3-V inputs. 
Additional features include Bus-Friendly inputs and I/Os, a programmable power-down mode for 
extra power savings and individual output slew rate control for the highest speed transition or for 
the lowest noise transition. 


Table 5. MACH 4 Package and I/O Options (Number of I/Os in Table) 


Package MA4LV-32/32 | M4LV-64/32 ani aa M4ILV-1 ie ommeeiae ez 
(Cr co 
Sa ee Se ee RNA NA Sao ane 
a a 
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Table 6. MACH 4A Package and I/O Options! (Number of I/Os in Table) 


100-pin TQFP = 
> 
ss d|d FB 
— 
as; 
pe) 
: 
a) 
Note: 
1. All information on MACH 4A devices is Advance Information. Please contact a Vantis sales representative for details on 
availability. 


Vantis offers software design support for MACH devices in both the MACHXL® and DesignDirect 
development systems. The DesignDirect development system is the Vantis implementation 
software that includes support for all Vantis CPLD, FPGA and SPLD devices. This system is 
supported under Windows ’95, 98 and NT as well as Sun Solaris and HPUX. 


DesignDirect software is designed for use with design entry, simulaion and verification software 
from leading-edge tool vendors such as Cadence, Exemplar Logic, Mentor Graphics, Model 
Technology , Synopsys, Synplicity, Viewlogic and others. It accepts EDIF 2 0 0 input netlists, 
generates JEDEC files for Vantis PLDs and creates industry-standard EDIF, Verilog, VITAL-compliant 
VHDL and SDF simulation netlist for design verification. 


DesignDirect software is also available in product configurations that include VHDL and Verilog 
synthesis from Exemplar Logic and VHDL, Verilog RTL and gate level timing simulation from Model 
Technology. Schematic capture and ABEL entry, as well as functional simulation, are also provided. 
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FUNCTIONAL DESCRIPTION 


The fundamental architecture of MACH 4 devices (Figure 1) consists of multiple optimized PAL® 
blocks interconnected by a central switch matrix. The central switch matrix allows communication 
between PAL blocks and routes inputs to the PAL blocks. Together, the PAL blocks and central 
switch matrix allow the logic designer to create large designs i in a single device instead of having 
to use multiple devices. 


The key to being able to make effective use of these devices lies in the interconnect schemes. In 
MACH 4 architecture, the macrocells have been decoupled from the product terms through the 
logic allocator, and the I/O pins have been decoupled from the macrocells due to the output switch 

matrix. In addition, more input routing options are provided by the input switch matrix. These 
resources provide the flexibility needed to fit designs efficiently. 


PAL Block 


Clock/Input 


Pad 
Pins = 
Note 3 = VO 
= Logic Output/ = = 
= Allocator Buried = re) <> 
< with XOR Macrocells “a oO 
Dedicated = 3 
input Pins ” = 
= : © 
© Switch = 
8 Matrix ae 
ae PAL Block o 
ie ; ra 
PAL Block Ss 
Ve) 
Pins 
17466F-001 
Figure 1. MACH 4 Block Diagram and PAL Block Structure 
Notes: 


1. 16 for M4(LV)-32/32 and M4A(G,5)-32/32 devices. 
2. Block clocks do not go to YO cells in M4(LV)-32/32 or M4A(G3, 5)-32/32. 


3. MA(LV)-192/96, M4(LV)-256/128, M4AG,5)-192/96 and M4A(3,5)-256/128 have dedicated clock pins which cannot be used as 
inputs and do not connect to the central switch matrix. 
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The central switch matrix takes all dedicated inputs and signals from the input switch matrices and 
routes them as needed to the PAL blocks. Feedback signals that return to the same PAL block still 
must go through the central switch matrix. This mechanism ensures that PAL blocks in MACH 4 
devices communicate with each other with consistent, predictable delays. 


The central switch matrix makes a MACH 4 device more advanced than simply several PAL devices 
on a single chip. It allows the designer to think of the device not as a collection of blocks, but as 
a single programmable device; the software partitions the design into PAL blocks through the 
central switch matrix so that the designer does not have to be concerned with the internal 
architecture of the device. 


Each PAL block consists of: 


Product-term array 
Logic allocator 
Macrocells 

Output switch matrix 
I/O cells 

Input switch matrix 


. i 2 A A a 


Clock generator 


Product-Term Array 


The product-term array consists of a number of product terms that form the basis of the logic being 
implemented. The inputs to the AND gates come from the central switch matrix (Table 7), and are 
provided in both true and complement forms for efficient logic implementation. 


Table 7. PAL Block Inputs 


MA(LV)-32/32 and M4A(3,5)-32/32 
MA4(LV)-64/32 and M4A(3,5)-64/32 
MA4(LV)-96/48 and M4A(3,5)-96/48 


MA(LV)-128/64 and M4A(3,5)-128/64 
MA(LV)-128N/64 


MA4(LV)-192/96 and M4A(3,5)-192/96 
M4(LV)-256/128 and M4A(3,5)-256/128 


Because the number of product terms available for a given logic function is not fixed, the full sum 
of products is not realized in the array. The product terms drive the logic allocator, which allocates 
the appropriate number of product terms to generate the function. 


Logic Allocator 


Within the logic allocator, product terms are allocated to macrocells in “product term clusters.” The 
availability and distribution of product term clusters are automatically considered by the software 
as it fits functions within a PAL block. The size of a product term cluster has been optimized to 
provide high utilization of product terms, making complex functions using many product terms 
possible. Yet when few product terms are used, there will be a minimal number of unused—or 
wasted—product terms left over. The product term clusters available to each macrocell within a 
PAL block are shown in Tables 8 and 9. 
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Each product term cluster is associated with a macrocell. The size of a cluster depends on the 
configuration of the associated macrocell. When the macrocell is used in synchronous mode 
(Figure 2a), the basic cluster has 4 product terms. When the associated macrocell is used in 
asynchronous mode (Figure 2b), the cluster has 2 product terms. Note that if the product term 
cluster is routed to a different macrocell, the allocator configuration is not determined by the mode 


of the macrocell actually being driven. The configuration is always set by the mode of the 
macrocell that the cluster will drive if not routed away, regardless of the actual routing. 


In addition, there is an extra product term that can either join the basic cluster to give an extended 
cluster, or drive the second input of an exclusive-OR gate in the signal path. If included with the 
basic cluster, this provides for up to 20 product terms on a synchronous function that uses four 
extended 5-product-term clusters. A similar asynchronous function can have up to 18 product 
terms. 


When the extra product term is used to extend the cluster, the value of the second XOR input can 
be programmed as a 0 or a 1, giving polarity control. The possible configurations of the logic 
allocator are shown in Figures 3 and 4. 
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Table 8. Logic Allocator for MACH 4 Devices (except M4(LV)-32/32 and M4A(3,5)-32/32) 


GG Gyr Cu 

ee Gy Cy CC 
rr 
ee 


My 

Ms Ca, C5, C4 Cs ee Cro, Cri, Cra, C13 
C5, C4, C5, Cg Cri, Cra» C135 C14 
Ms 
Mg 


Cy G5, C6 Gy Cia Cis, Cra Cas 
G6, C7, Cg, Co 


Table 9. Logic Allocator for M4(LV)-32/32 and M4A(3,5)-32/32 
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a. Synchronous Mode 
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Figure 2. Logic Allocator: Configuration of Cluster “n” Set by Mode of Macrocell “n” 
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a. Basic cluster with XOR b. Extended cluster, active high c. Extended cluster, active low 


=Di9D- => 


d. Basic cluster routed away; e. Extended cluster routed away 
single-product-term, active high 


. 17466F-007 
Figure 3. Logic Allocator Configurations: Synchronous Mode 


=D>D D> ED 


a. Basic cluster with XOR b. Extended cluster, active high c. Extended cluster, active low 


=—Di)>- =) 
d. Basic cluster routed away; e. Extended cluster routed away 
single-product-term, active high 


17466F-008 
Figure 4. Logic Allocator Configurations: Asynchronous Mode 


Note that the configuration of the logic allocator has absolutely no impact on the speed of the 
signal. All configurations have the same delay. This means that designers do not have to decide 
between optimizing resources or speed; both can be optimized. 


If not used in the cluster, the extra product term can act in conjunction with the basic cluster to 
provide XOR logic for such functions as data comparison, or it can work with the D-,T-type flip- 
flop to provide for J-K, and S-R register operation. In addition, if the basic cluster is routed to 
another macrocell, the extra product term is still available for logic. In this case, the first XOR input 
will be a logic 0. This circuit has the flexibility to route product terms elsewhere without giving up 
the use of the macrocell. 


Product term clusters do not “wrap” around a PAL block. This means that the macrocells at the 
ends of the block have fewer product terms available. 
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Macrocell 


The macrocell consists of a storage element, routing resources, a clock multiplexer, and 
initialization control. The macrocell has two fundamental modes: synchronous and asynchronous 
(Figure 5). The mode chosen only effects clocking and initialization in the macrocell. 


Power-Up 
Reset 


PAL-Block B » ! o 
Initialization ! 
Product Terms » | oe 
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> 
(2) 
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mn 
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Common PAL-block resource 


Sem ee eR wee me mee Oe me 


Individual macrocell resources 


ID To Output and Input 
AP AR Switch Matrices 
From Logic Allocator DT/L Q 


Fc Block CLKO 
rom 
Block CLK1 

PAL-Clock 

Block CLK2 » 
Generator ee 

ot 17466F-009 
a. Synchronous mode 
Power-Up 

Reset 

Individual 


Initialization > nee 
Product Term » 7 @ 


oe To Output and Input 
From Logic Switch Matrices 


AP AR 
Allocator D/T/L Q 
From PAL-Block Block CLKO 
Clock Generator Block CLK1 N 
Individual Clock 
Product Term LY —_ 


b. Asynchronous mode 


17466F-010 
Figure 5. Macrocell 


In either mode, a combinatorial path can be used. For combinatorial logic, the synchronous mode 
will generally be used, since it provides more product terms in the allocator. 
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The flip-flop can be configured as a D-type or T-type latch. J-K or S-R registers can be synthesized. 
The primary flip-flop configurations are shown in Figure 6, although others are possible. Flip-flop 
functionality is defined in Table 10. Note that a J-K latch is inadvisable as it will cause oscillation 
if both J and K inputs are HIGH. 


a. D-type with XOR b. D-type with programmable D polarity 


d. Latch with programmable D polarity 


{DD 


f. Combinatorial with XOR 


e. T-type with programmable T polarity 


g. Combinatorial with programmable polarity 


17466F-011 
Figure 6. Primary Macrocell Configurations 
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Table 10. Register/Latch Operation 
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Note: 
1. Polarity of CLK/LE can be programmed 


Although the macrocell shows only one input to the register, the XOR gate in the logic allocator 
allows the D-, T-type register to emulate J-K, and S-R behavior. In this case, the available product 
terms are divided between J and K (or S and R). When configured as J-K, S-R, or T-type, the extra 
product term must be used on the XOR gate input for flip-flop emulation. In any register type, the 
polarity of the inputs can be programmed. 


The clock input to the flip-flop can select any of the four PAL block clocks in synchronous mode, 
with the additional choice of either polarity of an individual product term clock in the 
asynchronous mode. 


The initialization circuit depends on the mode. In synchronous mode (Figure 7), asynchronous 
reset and preset are provided, each driven by a product term common to the entire PAL block. 


Power-Up 


Pp . 
Reset elie 


Preset 


PAL-Block 
Initialization 
Product Terms 


PAL-Block 
Initialization 
Product Terms 


a. Power-up reset b. Power-up preset 


17466F-012 17466F-013 
Figure 7. Synchronous Mode Initialization Configurations 
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A reset/preset swapping feature in each macrocell allows for reset and preset to be exchanged, 
providing flexibility. In asynchronous mode (Figure 8), a single individual product term is provided 
for initialization. It can be selected to control reset or preset. 


Power-Up Power-Up 
Reset Preset 
Individual biaa ober 
Reset 
Product Term Product Term 
a. Reset b. Preset 
17466F-014 17466F-015 


Figure 8. Asynchronous Mode Initialization Configurations 


Note that the reset/preset swapping selection feature effects power-up reset as well. The . 
initialization functionality of the flip-flops is illustrated in Table 11. The macrocell sends its data to 
the output switch matrix and the input switch matrix. The output switch matrix can route this data 
to an output if so desired. The input switch matrix can send the signal back to the central switch 
matrix as feedback. 


Table 11. Asynchronous Reset/Preset Operation 


a 
OS 


re ee ee ee ee ee ee ee 
a a ae ae a ee 
Note: 


1. Transparent latch is unaffected by AR, AP 


Output Switch Matrix 


The output switch matrix allows macrocells to be connected to any of several I/O cells within a 
PAL block. This provides high flexibility in determining pinout and allows design changes to occur 
without effecting pinout. 


In MACH 4 devices (except M4(LV)-32/32 and M4A(3,5)-32/32), each PAL block has twice as many 
macrocells as I/O cells. The MACH 4 output switch matrix allows for half of the macrocells to drive 
I/O cells within a PAL block, in combinations according to Figure 9. Each I/O cell can choose from 
eight macrocells; each macrocell has a choice of four I/O cells. The M4(LV)-32/32 and M4A@,5)- 
32/32 allow every macrocell to drive an I/O cell (Figures 12 and 13). 
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a. Macrocell drives one of 4 1/Os (except M4(LV)-32/32 and M4A(3,5)-32/32) 
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b. Macrocell drives one of 8 I/Os for M4(LV)-32/32 and M4A(3,5)-32/32 
//O 
Cell 


MUX 


Macro- Macro- Macro- Macro- Macro- Macro- Macro- Macro- 
cell cell cell cell cell cell cell cell 
c. 1/O can choose one of 8 macrocells 


17466F-016 
Figure 9. MACH 4 Output Switch Matrix 
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Table 12. Output Switch Matrix Combinations for MACH 4 Devices (except M4(LV)-32/32 and M4A(3,5)-32/32) 


00 Fin ra Macrcats 


MO, M1, M2, M3, M12, M13, M14, M15 i 
MO, M1, M2, M3, M4, M5, M14, M15 | 


Table 13. Output Switch Matrix Combinations for M4(LV)-32/32 and M4A(3,5)-32/32 


eT 
- M8, M9, M10, M11, M12, M13, M14, M15 | 


M4, M5, M6, M7, M8, M9, M10, M11 
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/O Cell 


The I/O cell Figures 10 and 11) simply consists of a programmable output enable, a feedback 
path, and in all but the M4(LV)-32/32 and the M4A(3,5)-32/32 devices, a flip-flop. An individual 
output enable product term is provided for each I/O cell. The feedback signal drives the input 
switch matrix. 


Individual 
Output Enable 
Product Term 


From Output 
Switch Matrix 


Individual 
Output Enable 
Product Term 
To From Output 
Input Switch Matrix 
Switch 
Matrix 
To 
Block CLKO Input 
Block CLK1 Switch 
Block CLK2 Matrix 
Block CLK3 
Power-up reset 
17466F-017 17466F-018 
Figure 10. I/O Cell for MACH 4 Devices Figure 11. I/O Cell for M4(LV)-32/32 and 
(except M4(LV)-32/32 and M4A(3,5)-32/32) M4A(3,5)-32/32 


The MACH 41/0 cell contains a flip-flop, which provides the capability for storing the input in a 
D-type register or latch. The clock can be any of the PAL block clocks. Both the direct and 
registered versions of the input are sent to the input switch matrix. This allows for such functions 
as “time-domain-multiplexed” data comparison, where the first data value is stored, and then the 
second data value is put on the I/O pin and compared with the previous stored value. 


Note that the flip-flop used in the MACH 4 I/O cell is independent of the flip-flops in the 
macrocells. It powers up to a logic low. 


Zero-Hold-Time Input Register 


The MACH 4 devices have a zero-hold-time (ZHT) fuse which controls the time delay associated 
with loading data into all I/O cell registers and latches. When programmed, the ZHT fuse increases 
the data path setup delays to input storage elements, matching equivalent delays in the clock path. 
When the fuse is erased, the setup time to the input storage element is minimized. This feature 
facilitates doing worst-case designs for which data is loaded from sources which have low (or zero) 
minimum output propagation delays from clock edges. 


Input Switch Matrix 


The input switch matrix (Figures 12 and 13) optimizes routing of inputs to the central switch 
matrix. Without the input switch matrix, each input and feedback signal has only one way to enter 
the central switch matrix. The input switch matrix provides additional ways for these signals to 
enter the central switch matrix. 
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17466F-002 17466F-003 
Figure 12. MACH 4 Input Switch Matrix Figure 13. M4(LV)-32/32 and M4A(3,5)-32/32 Input 


Switch Matrix 


PAL Block Clock Generation 


Each MACH 4 device has four clock pins that can also be used as inputs. These pins drive a clock 
generator in each PAL block (Figure 14). The clock generator provides four clock signals that can 
be used anywhere in the PAL block. These four PAL block clock signals can consist of a large 

~ number of combinations of the true and complement edges of the global clock signals. Table 14 
lists the possible combinations. 


GCLKO 
Block CLKO 
(GCLKO or GCLK1) 
GCLK1 Block CLK1 
(GCLK1 or GCLKO) 
GCLK2 Block CLK2 
(GCLK2 or GCLK3) 
ela Block CLK3 
(GCLK3 or GCLK2) 


17466F-004 
Figure 14. PAL Block Clock Generator ' 


Note: 


1. M4(LV)-32/32, M4A(G3,5)-32/32, M4(LV)-64/32 and M4A(G3, 5)-64/32 have only two clock pins, GCLKO and GCLK1. GCLK2 is tied 
to GCLKO, and GCLK3 is tied to GCLK1. 
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Table 14. PAL Block Clock Combinations! 


Block CLKO Block CLK1 Block CLK2 Block CLK3 
GCLKO GCLK1 X X 


GCLK2 (GCLKO) GCLK3 (GCLK1) 
GCLK3 (GCLK1) GCLK3 (GCLK1) 
GCLK2 (GCLK0) GCLK2 (GCLKO) 
GCLK3 (GCLK1)  GCEK2 (GCLKO) 


Note: 
1. Values in parentheses are for the M4(LV)-32/32, M4A(G,5)-32/32, M4(LV)-64/32 and M4A(3,5)-64/32. 


This feature provides high flexibility for partitioning state machines and dual-phase clocks. It also 
allows latches to be driven with either polarity of latch enable, and in a master-slave configuration. 
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MACH 4 TIMING MODEL 


The primary focus of the MACH 4 timing model is to accurately represent the timing in a MACH 4 
device, and at the same time, be easy to understand. This model accurately describes all 
combinatorial and registered paths through the device, making a distinction between internal 
feedback and external feedback. A signal uses internal feedback when it is fed back into the 
switch matrix or block without having to go through the output buffer. The input register 
specifications are also reported as internal feedback. When a signal is fed back into the switch 
matrix after having gone through the output buffer, it is using external feedback. 


The parameter, tgp, is defined as the time it takes to go from feedback through the output buffer 
to the I/O pad. If a signal goes to the internal feedback rather than to the I/O pad, the parameter 
designator is followed by an “i”. By adding tgyp to this internal parameter, the external parameter 
is derived. For example, tpp = tpp; + taup A diagram representing the modularized MACH 4 timing 
model is shown in Figure 15. Refer to the Technical Note entitled MACH 4 Timing and High Speed 
Design for a more detailed discussion about the timing parameters. 
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17466F-025 
Figure 15. MACH 4 Timing Model 


SPEEDLOCKING FOR GUARANTEED FIXED TIMING 


The MACH 4 architecture allows allocation of up to 20 product terms to an individual macrocell 
with the assistance of an XOR gate without incurring additional timing delays. 


The design of the switch matrix and PAL blocks guarantee a fixed pin-to-pin delay that is 
independent of the logic required by the design. Other non-Vantis CPLDs incur serious timing 
delays as product terms expand beyond their typical 4 or 5 product term limits. Speed and 
SpeedLocking combine to give designs easy access to the performance required in today’s designs. 
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JTAG BOUNDARY SCAN TESTABILITY 


All MACH 4 devices, except the M4(LV)-128N/64, have JTAG boundary scan cells and are 
compliant to the JTAG standard, IEEE 1149.1. This allows functional testing of the circuit board on 
which the device is mounted through a serial scan path that can access all critical logic nodes. 
Internal registers are linked internally, allowing test data to be shifted in and loaded directly onto 
test nodes, or test node data to be captured and shifted out for verification. In addition, these 
devices can be linked into a board-level serial scan path for more complete board-level testing. 


JTAG IN-SYSTEM PROGRAMMING 


Programming devices in-system provides a number of significant benefits including: rapid 
prototyping, lower inventory levels, higher quality, and the ability to make in-field modifications. 
All MACH 4 devices provide In-System Programming (ISP) capability through their JTAG ports. This 
capability’ has been implemented in a manner that ensures that the JTAG port remains compliant 
to the IEEE 1149.1 standard. By using JTAG as the communication interface through which ISP is 
achieved, customers get the benefit of a standard, well-defined interface. 


MACH 4 devices can be programmed across the commercial temperature and voltage range. Vantis 
provides its free PC-based VantisPRO software to facilitate in-system programming. VantisPRO 
takes the JEDEC file output produced by Vantis’ design implementation software, along with 
information about the JITAG chain, and creates a set of vectors that are used to drive the JTAG 
chain. VantisPRO software can use these vectors to drive a JIAG chain via the parallel port of a 
PC. Alternatively, VantisPRO software can output files in formats understood by common 
automated test equipment. This equpment can then be used to program MACH 4 devices during 
the testing of a circuit board. For more information about in-system programming, refer to the 
separate document entitled MACH ISP Manual. 


PCI COMPLIANT 


MACH 4(A) devices in the -50/-55/-60/-65/-7/-10/-12 speed grades are compliant with the PCT 
Local Bus Specification version 2.1, published by the PCI Special Interest Group (SIG). The 5-V 
devices are fully PCI-compliant. The 3.3-V devices are mostly compliant but do not meet the PCI 
condition to clamp the inputs as they rise above Vcc because of their 5-V input tolerant feature. 


SAFE FOR MIXED SUPPLY VOLTAGE SYSTEM DESIGNS 


Both the 3.3-V and 5-V Vcc MACH 4 devices are safe for mixed supply voltage system designs. 
The 5-V devices will not overdrive 3.3-V devices above the output voltage of 3.3 V, while they 
accept inputs from other 3.3-V devices. The 3.3-V device will accept inputs up to 5.5 V. Both the 
5-V and 3.3-V versions have the same high-speed performance and provide easy-to-use mixed- 
voltage design capability. 


PULL UP OR BUS-FRIENDLY INPUTS AND I/OS 


All MACH 4 devices have inputs and I/Os which feature the Bus-Friendly circuitry incorporating 
two inverters in series which loop back to the input. This double inversion weakly holds the input 
at its last driven logic state. While it is good design practice to tie unused pins to a known state, 
the Bus-Friendly input structure pulls pins away from the input threshold voltage where noise can 
cause high-frequency switching. At power-up, the Bus-Friendly latches are reset to a logic level 
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“1.” For the circuit diagram, please refer to the Input/Output Equivalent Schematics (page 393) in 
the General Information Section of the Vantis 1999 Data Book. 


All MACH 4A devices have a programmable bit that configures all inputs and I/Os with either pull- 
up or Bus-Friendly characteristics. If the device is configured in pull-up mode, all inputs and I/O 
pins are weakly pulled up. For the circuit diagram, please refer to the Input/Output Equivalent 
Schematics (page 393) in the General Information Section of the Vantis 1999 Data Book. 


POWER MANAGEMENT 


Each individual PAL block in MACH 4 devices features a programmable low-power mode, which 
results in power savings of up to 50%. The signal speed paths in the low-power PAL block will be 
slower than those in the non-low-power PAL block. This feature allows speed critical paths to run 
at maximum frequency while the rest of the signal paths operate in the low-power mode. 


PROGRAMMABLE SLEW RATE 


Each MACH 4 device I/O has an individually programmable output slew rate control bit. Each 
output can be individually configured for the higher speed transition (3 V/ns) or for the lower 
noise transition (1 V/ns). For high-speed designs with long, unterminated traces, the slow-slew rate 
will introduce fewer reflections, less noise, and keep ground bounce to a minimum. For designs 
with short traces or well terminated lines, the fast slew rate can be used to achieve the highest 
speed. The slew rate is adjusted independent of power. 


POWER-UP RESET/SET 


All flip-flops power up to a known state for predictable system initialization. If a macrocell is — 
configured to SET on a signal from the control generator, then that macrocell will be SET during 
device power-up. If a macrocell is configured to RESET on a signal from the control generator or 
is not configured for set/reset, then that macrocell will RESET on power-up. To guarantee 
initialization values, the Vcc rise must be monotonic, and the clock must be inactive until the reset 
delay time has elapsed. “4 


SECURITY BIT 


A programmable security bit is provided on the MACH 4 devices as a deterrent to unauthorized 
copying of the array configuration patterns. Once programmed, this bit defeats readback of the 
programmed pattern by a device programmer, securing proprietary designs from competitors. 
Programming and verification are also defeated by the security bit. The bit can only be reset by 
erasing the entire device. 


HOT SOCKETING 


MACH 4A devices are well-suited for those applications that require hot socketing capability. Hot 
socketing a device requires that the device, when powered down, can tolerate active signals on 
the I/Os and inputs without being damaged. Additionally, it requires that the effects of the 
powered-down MACH devices be minimal on active signals. 
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BLOCK DIAGRAM - MA4(LV)-64/32 AND M4A(3,5)-64/32 
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ABSOLUTE MAXIMUM RATINGS 


M4 and M4A5 

Storage Temperature.............. -65°C to +150°C 
Ambient Temperature 

with Power Applied ............... -5°C to +100°C 
Device Junction Temperature ............. +130°C 
Supply Voltage 

with Respect to Ground ........... -0.5 V to +7.0 V 
DC Input Voltage ............ -0.5 V to Veg + 0.5 V 
Static Discharge Voltage ................. 2000 V 
Latchup Current (T, = -40°C to +85°C)....... 200 mA 


Stresses above those listed under Absolute Maximum 
Ratings may cause permanent device failure. Functionality at 
or above these limits is not implied. Exposure to Absolute 
Maximum Ratings for extended periods may affect device 
reliability. 


OPERATING RANGES 


Commercial (C) Devices 


Ambient Temperature (T,) 
Operating in Free Air............... O°C to +70°C 


Supply Voltage (Vcc) 
with Respect to Ground......... +4,75 V to +5.25 V 
industrial (1) Devices 


Ambient Temperature (T,) 

Operating in Free Air.............. -40°C to +85°C 
Supply Voltage (Vcc) 

with Respect to Ground.......... +4,50 V to +5.5 V 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 


5-V DC CHARACTERISTICS OVER OPERATING RANGES 


Output Short-Circuit Current 


Notes: 
1. Totallo, for one PAL block should not exceed 64 mA. 


Parameter 
Symbol Parameter Description Test Conditions 


= —3.2 mA, Vcc = Min, Vy = Vip or V: 24 
Output HIGH Voltage ‘ou ms IN = "HOF NIL 
Ioy = 0 mA, Voc = Max, Vyy = Vix OF Viz 
Output LOW Voltage Ip, = 24 mA, Vec = Min, Vix = Vey or Vy, (Note 1) 


Input HIGH Voltage oe Input Logical HIGH Voltage for all Inputs 20 
Input LOW Voltage ae Input Logical LOW Voltage for all Inputs 


Vour = 0.5 V, Voc = Max (Note 4) 


Sr 
V 


-30 


These are absolute values with respect to device ground, and all overshoots due to system or tester noise are included. 


2. 
3. VO pin leakage is the worst case of In, and Ipz, (or Inz and Ipzzp. 
4 


. Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 
Vour = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 
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ABSOLUTE MAXIMUM RATINGS 
MA4LV and M4A3 


Storage Temperature.............. -65°C to +150°C 
Ambient Temperature | 

with Power Applied .............. -55°C to +100°C 
Device Junction Temperature ............. +130°C 
Supply Voltage 

with Respect to Ground ........... -0.5 V to +4.5 V 
DC Input Voltage ................. -0.5 V to 6.0 V 
Static Discharge Voltage ................. 2000 V 
Latchup Current (T, = -40°C to +85°C)....... 200 mA 


Stresses above those listed under Absolute Maximum 
Ratings may cause permanent device failure. Functionality at 
or above these limits is not implied. Exposure to Absolute 
Maximum Ratings for extended periods may affect device 
reliability. 


OPERATING RANGES 


Commercial (C) Devices 


Ambient Temperature (T,) 
Operating in Free Air... ............ O°C to +70°C 


Supply Voltage (Vcc) 
with Respect to Ground........... +3.0 V to +3.6 V 
Industrial (1) Devices 


Ambient Temperature (T,) 

Operating in Free Air.............. -40°C to +85°C 
Supply Voltage (Vcc) 

with Respect to Ground........... +3.0 V to +3.6 V 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 


3.3-V DC CHARACTERISTICS OVER OPERATING RANGES 


Parameter 
Symbol Parameter Description 


Voc = Min 
meses Von = Vir OF Va 


OL Output LOW Voltage 


Input HIGH Voltage at Input Logical HIGH Voltage for all pao fo 


Input LOW Voltage aa Input Logical LOW Voltage for all 


Input HIGH Leakage Current Vin = 3.6 V, Voc = Max (Note 2) 
Input LOW Leakage Current Vin = 0 V, Voc = Max (Note 2) 


Off-State Output Leakage Current LOW 


Vout = 3.6 \, Voc = Max 
DeSee Cape lesise Come MA Nya Secor ta Woe 


Notes: 
1. Total Ig, for one PAL block should not exceed 64 mA. 


Vour =0V, Voc = Max 
Vin = Viq OF Vy, (Note 2) 


Output Short-Circuit Current Vour = 9.5 V, Voc = Max (Note 3) 
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en stlcead 
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ies) Oe 


2. I/O pin leakage is the worst case of I, and Ipz; (or Inz and Ipzzp). 


3. Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 
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MACH 4 TIMING PARAMETERS OVER OPERATING RANGES! 
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MACH 4 TIMING PARAMETERS OVER OPERATING RANGES! (CONTINUED) 


ee 
Min | Max] Min [Max | Min | Max / Min | Max | Min | Max | Min | Max’ 
Input Latch Delays with ZHT Option: 


iapatlac seu tine eo] [eo] [oo] [eo] [eo], [oo] [w= 
Input atch hold time ~ ZT roo || oo] {oo} joo] |oo| [oo] | m 
Transparent input latch to internal feedback - ZHT 60] [60] |6o} |6o} | 60] | 60] ns | 
utput Delays: | . 
| Out bt dy ey [2°] [2°, [2] [20] [oof = 
iw __| Slowslew rate delay adder Sr Se mE aoe aE 
Output enable time 5 4 | faz0f | 150] | 5.0} | 17.0] ns 
ouput dbl 9s io) [reo] fasof iso] [aro os 


0 , 


in _[Powertomaediar ———=—S«d?SC«dt 2S] 8] 8] 3] 8] [spe 


Reset and Preset Delays: 
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Asynchronous reset and preset register recovery time 
Asynchronous reset or preset width 10.0 | 


Global clock width low 
Global clock width high 
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Product term clock width low 
Product term clock width high 


Global gate width low (for low transparent) or high 
(for high transparent) : 
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high (for high transparent) 
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MACH 4 TIMING PARAMETERS OVER OPERATING RANGES! (CONTINUED) 


“Fie se in Hie ihe BGS He OCHA ume 
[Min | Max] Min | Max | Min [Max] Min | Max Min | Max | Min | 
Frequency: 


External feedback, D-type, Min of 1/(tyys + twas) or 90.9 80.0 66.7 50.0 50.0 41.7 
I/(tsg + tegs) 
fMaxs 


External feedback, T-type, Min of 1/(tyrs + tys) OF | 9, 3 741 62.5 476 47.6 40.0 

I/(tegr + teog) 

MHz 
MHz 
MHz 


Min of 1/(tyrs + twrs) or I/(tgg + tcosi) pee 


Internal feedback (foyr), T-type, 100.0 
Min of 1/ (twrs + twas) or 1/ (tgor + teosi) 
No feedback’, Min of 1/(tyys + tw), 1/(tgg + tyg) OF 153.8 
1/ (toor + tus) ; 


External feedback, D-type, Min of 1/(tyy, + twa) or 76.9 
I/(tsq + teoa) : | 
External feedback, T-type, Min of 1/(ty,, + twy,) or 
71.4 
W/(tsar + toga) 
f Internal feedback (feyr,), D-type, 90.9 
MAXA | Min of 1/(tyyq + tyra) OF 1/(teg, + teoaj) 


Internal feedback (foyra), T-type, 

Min of 1/(typq + twa) OF 1/(togp + toca) 
No feedback”, Min of 1/ (tyra + twHa), 
I/(tgy + tyy) OF 1/(tgyp + tya) 


f Maximum input register frequency, 111.0 
MAXI | Min of 1/(tyrpn + twrpr,) OF 1/(tops + tures) 


Notes: 
1. See “Switching Test Circuit” in the General Information Section of the Vantis 1999 Data Book. 
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2. This parameter does not apply to flip-flops in the emulated mode since the feedback path is required for emulation. 
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MACH 4A TIMING PARAMETERS OVER OPERATING RANGES! 

[a eer 
fm [remoseesny | || [oe] [oo] [es] [se] [ro] [0] [a] 
fo fem feet fost Loot fos] fr] feel [eo] |e) 
fepbweedbaope 


Registered Delays: 
Synchronous clock setup 
time, D-type register 3.0 3.5 4.0 4.0 5.5 6.0 7.0 
Synchronous clock setup N 
Asynchronous clock setup : 
time. D-type reaisser 2.5 2.5 3.0 3.0 3.5 4.0 5.0 
Asynchronous clock setup 
i so] [30] [as| Jas] fas) [so] |ool | oo 
Synchronous clock hold 
time 
k 
fom = ; SCSCeCeDEOeOeOeces 
Synchronous clock to 
tcos output 4.0 4.0 4.5 4.5 5.0 5.5 6.5 6.5 
chronous clock to 
ce | IS] fel fed mt fs del fol fol 


Latched Delays: 


Synchronous latch setup . 
time 
roo latch hold 
‘ | Transparent latch to 55 55 6.0 15 9.0 110 
PDL | internal output 
Propagation delay through } 
transparent latch to output us a ey ay ve 
Synchronous gate to 
SSO Ce EO 


tgos | Synchronous gate to output Synchronous gate to output| | 4.5 | 45 ee | | 10.0 | 0; | 11.0 | 0| ns | 


"y ilu SCECSCRCSORCMCMCC 


Asynchronous gate to 
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MACH 4A TIMING PARAMETERS OVER OPERATING RANGES! (CONTINUED) 
ee SESS ESSE Ses el 
Min | Max] Min | Max] Min | Max] tin | Max | Min | Max{ Min | Max] Min | Max | Min | Max | 


= Register wba 


a a 
ix rcpt [os rao] [aot [ao] [sof [ao] [eof [ee 


In ut register clock to 
trl etback SOeOSCEOECECROEOE 


= Latch Delays: 


a eS 
as{ fast [ao] [soy [sof [so| [sof [ao] [wm 


Input latch gate to internal 35 35 40 re 40 40 ra 5.0 
feedback 
Transparent input latch to 

OY fone rarn 1.5 1.5 1.5 15 2.0 2.0 2.0 2.0 


| Input Register Delays with ZHT Option: 


Input register setup time - 

mr emete Veo] [eo] [oo] [oo] [6] [oo] [6] [oo] | = 
Input register hold time - 
ZHT 


Input Latch Delays with ZHT Option: 


ZHT 


cc ieeee ta ee ee ee 


Transparent input latch to 6.0 6.0 
internal feedback - ZHT 


Output Delays: 


foe [owputoaieraey —[ [15] [as] [oo[ [a] as, [so] [so] [ao] 
tow |Sowsevrucdyaiier| [25] [25] [as[ [as| as; [as] |as| [2s] 
fx [Ospwentieine | [75] [75] [as[ [as] [95] [io] [120] [is] 
fa [owpudsiiewne | [75] [75] as] [ss] [9s] [100] [no] [iso 


Power Delay: 


Power-down mode delay | 


Reset and Preset Delays: 
Asynchronous reset or 
tsp; | preset to internal register 7.5 Td 9.5 11.0 13.0 16.0 
output 
Asynchronous reset or 
; F : 14. 10. 19.0 
Asynchronous reset and 
tspp _| preset register recovery 7.0 7.0 7.5 75 10.0 15.0 
time 
Asynchronous reset or 
: ‘ ; 15. 


Clock/LE Width: 


ims _[Globaldlockwidinlow | 20] | 20] | 25] [25] | 30} [so] foo} | oo] | as | 
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MACH 4A TIMING PARAMETERS OVER OPERATING RANGES! (CONTINUED) 


ee 
———e ee eee 
Global clock width high 


i i DECSCSCSCECEOeCED 
ow 

Product term clock width 30 30 35 3.5 re 5.0 9.0 

high 

ine sch 


Global gate width low (for 
tgws _ | low transparent) or high 
low 
‘a Settee ete tet te 


(for high transparent) 
war [owiacpae wan [ao] [aol [as] [as[ [sa [so] Peo oo 


Product term gate width 
low (for low transparent) 
or high (for high 


= 


-_ 
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MACH 4A TIMING PARAMETERS OVER OPERATING RANGES! (CONTINUED) 


TT 
Bali rn [| Na | Was | | WA | ae Wb] Mi | 


Frequency: 


External feedback, D-type, 
Min of 1/(tyys + twas) OF 
I/(tgg + tegs) 


— 
—~ 
Qe 
— 
Qe 
Qs 
—— 
— 
oo 


80.0 


External feedback, T-type, 
Min of I/(tyrs + twrs) or 125 125 111 
I/(tggp + tes) 


Internal feedback (foy7), 

D-type, Min of 1/(tyig + | 182 
twos) OF 1/(tgs + teogi) 

Internal feedback (fey), 

T-type, Min of I/(tyys+ | 154 
twas) or 1/ (toor + tcosi) 

No feedback”, Min of 1/ 

(twrs + twus)) 1/(teg + tus) 250 
or 1/(toor + tys) 

External feedback, D-type, 
Min of 1/(tyq + twa) OF 
I/ (ts, + tea) 

External feedback, T-type, 
Min of 1/(tyz, + twa) or | 105 
I/ (tear + toga) 

Internal feedback (foyra), 
D-type, Min of 1/(tyy,4 + 
tyra) OF 1/(tgq + tegai) 
Internal feedback (foyra), 

T-type, Min of 1/(tyyy + | 125 
tyra) OF I/(tgar + teoai) 

No feedback?, Min of 1/ 
(tra + twa), 1/(tey + 
ta) OF 1/(toyy + ty) 
Maximum input register 
frequency, Min of 1/(tywipq 
+ twit) or I/ (tors + 
tures) 
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Notes: 
1. See “Switching Test Circuit” in the General Information Section of the Vantis 1999 Data Book. 


2. This parameter does not apply to flip-flops in the emulated mode since the feedback path is required for emulation. 
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CAPACITANCE 1 
Parameter Symbol Recension [farce Tn 


Note: 


1. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified where 
this parameter may be affected. 


Icc vs. FREQUENCY 


These curves represent the typical power consumption for a particular device at system frequency. 
The selected “typical” pattern is a 16-bit up-down counter. This pattern fills the device and 
exercises every macrocell. Maximum frequency shown uses internal feedback and a D-type 
register. Power/Speed are optimized to obtain the highest counter frequency and the lowest 
power. The highest frequency (LSBs) is placed in common PAL blocks, which are set to high 
power. The lowest frequency signals (MSBs) are placed in a common PAL block and set to 
lowest power. 


Vec = 5 V or 3.3 V, Ta = 25 °C 


350 
M4(LV)-256/128 
300 
250 M4(LV)-192/96 
— 200 
< 
E M4(LV)-128/64 
ty) 
~ 4150 
M4(LV)-96/48 
100 MA(LV)-64/32 
Ma4(LV)-32/32 
50 
0 
© © © © © [o) © (o) © © © © (o>) (o>) 
- N oa) t To) © i re) ron) ) = q o 
Frequency (MHz) 17466F-066 


Figure 16. Icc Curves at High Power Mode 
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jo) Oo O 
Ww) ice) - 


40 
80 


Frequency (MHz) 


Figure 17. Icc Curves at Low Power Mode 
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CONNECTION DIAGRAM (MA(LV)-32/32, M4A(3,5)-32/32, M4(LV)-64/32 AND 
M4A(3,5)-64/32) 


Top View 
44-Pin PLCC 
Liege mm om 
OoOw~7+tr 0) OO ® KF OW 
M4(Lv)-64/32 “<<< < a = . M4(LV)-64/32 
* = Qa a _ 
M4A(3,5)-64/32 6 6 8 5 8 > 6 é Q Q M4A(3,5)-64/32 
i ee 
A2 A2 WO5 027 D3 B3 
Al Ai W/06 /026 D2 B2 
AO AO I/O7 025 D1 Bi 
TDI (024 DO BO 
Ma(LV)-32/32 CLKO/IO TDO 
M4A(3,5)-32/32 GND GND M4(LV)-32/32 
A8 BO 1/08 TMS 
AQ B1 1/09 1/023 CO B8 
A10 B2 1/010 022 Cl B9 
Ai1 B3 1/O11 021 C2 B10 
8 19 6 
L__) L_! = 
7 Ne = 
M4(LV)-64/32 5 O o M4(LV)-64/32 
M4A(3,5)-64/32 © M4A(3,5)-64/32 
ast WO ~ © HO +t YO 
m Oo000 6 
eee Bee ees oe 
qaqate€c momma m 
17466F-026 
PIN DESIGNATIONS 
CLK/I = Clock or Input 
GND = Ground 
YO = Input/Output C 5 


Vcc = Supply Voltage 
TDI = Test Data In Macrocell (0-7) 


TCK = Test Clock 
TMS = Test Mode Select PAL Block (A-D) 
TDO = Test Data Out 
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CONNECTION DIAGRAM (MA4(LV)-32/32, M4A(3,5)-32/32, M4(LV)-64/32 AND 
M4A(3,5)-64/32) | 


Top View 
44-Pin TQFP 
o~wrwo ok ~ OW At 
tiaeacqacc mamamdm 
o~+rnMo © KR mM- OW wt 
M4(LV)-64/32 a eee M4(LV)-64/32 
M4A(3,5)-64/32 S8N582 re oN a M4A(3,5)-64/32 
SSS S35 075355355 
LY 
OFSIESSSESSBS 
A2 A2 VWO5ccrc7I/1 33 [171/027 _—D3 B3 
At A1 VO6Cro2 32 |X 171/026 D2 B2 
AO AO Vvo7cCxr 7/3 31/7 51/025_ D1 Bi 
TDI cor 4 30 [E71 1/024_-DO BO 
M4(LV)-32/32 CLKO/IO C=C—|5 29 |r TDO 
M4A(3,5)-32/32 GND Ccc7/6 28 |X GND M4(LV)-32/32 
TCK C7117 27 JET. CLK 1 /I1 M4A(3,5)-32/32 
A8 Bo os crs 26 |r TMS 
AQ B1 //09 KL 9 25 |I~T_11/023 CO B8 
A10 B2 1/010 (L710 24 |" T71/022 C1 B9 
A11 B3 O11 CoCo] 11 Tr 41/021 C2 B10 
a ee Oe St AO 


OSE GE CEN Gh) ey TG 
NM+TNOOOKRDADO 
M4(LV)-64/32 550022555008 M4(LV)-64/32 
M4A(3,5)-64/32 mint iaecs eae M4A(3,5)-64/32 
Tuo Or hm. © WO wt OD 
onomoama OO000 
NO AW ost ON 
qi<24 onooma 
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PIN DESIGNATIONS 


CLK/I 
GND = Ground 


Clock or Input 


C 7 
YO = Input/Output | 
Meg. “> SUpbly Noes Macrocell (0-7) 
TDI = Test Data In 
TCK = Test Clock PAL Block (A-D) 


TMS = Test Mode Select 
TDO = Test Data Out 
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CONNECTION DIAGRAM (M4(LV)-32/32, M4A(3, ii 32/32, M4(LV)-64/32 AND 


M4A(3,5)-64/32) 


Top View 
M4(LV)-64/32 
M4A(3,5)-64/32 
A2 A2 1/05 C_/1 
Al A1 06 C172 
AO AO 1/07 C73 
M4(LV)-32/32 NC > 
M4A(3,5)-32/32 GND cr 
TCK CT 
A8 Bo 1/08 Lo 
AQ B1 09 C1 
A10 B2 1/010 CI 
Ait B3 1/011 Cr 


M4(LV)-64/32 
M4A(3,5)-64/32 


B4 012 (17/13 
B5 1/013 (11/14 


48-Pin TQFP 


QOtnN Oh 
tiaqacacc 


/04 A3 
1/03 A4 
/O2 AS 
/O1 A6 
/OO0 A7 


B6 014 Cor——4/15 
B7 015 C1) 16 


39 |= 030 D6 
38 /—T_ 1/029 D5 
37 |r 1/028 D4 


/016 (~r—}| 20 
/017 (721 
/018 Cr) 22 
/019 C—T—| 23 
/020 (—~I—}| 24 


C7 
C6 
C5 
C4 
C3 


M4(LV)-64/32 
M4A(3,5)-64/32 


TT 1/027 
[II 1/026 
fT 1/025 
TJ 1/024 
/—1-1TDO 
PT] GND 
1 _INC 
PT) CLK1/I1 
TT TMS 
rT 1/023 CO 
PTI 1/022 C1 


it 1/021 C2 


M4(LV)-64/32 
M4A(3,5)-64/32 


M4(LV)-32/32 
M4A(3,5)-32/32 
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PIN DESIGNATIONS 


CLK/1 
GND = Ground 


Clock or Input 


1/O = Input/Output 
Vcc = Supply Voltage 
NC = No Connect 
TDI = Test Data In 


TCK = Test Clock 
TMS = Test Mode Select 
TDO = Test Data Out 
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MACH 4 Family 


7 


Le Macrocell (0-7) 


PAL Block (A-D) 


CONNECTION DIAGRAM (M4(LV)-96/48 AND M4A(3,5)-96/48) 


Top View 

22tZ@“Z@R 

Q otNNro 

SBFLLLLQQQO 

WMUUUOOREUE 

NoOoODoaoaao 

PETE TE EY TE td 

DORR OD 

NC cCrorl 
TD! Cr 
NC crm 
NC croc 
Al 1/06 Cr 
AO O07 CT 
BO /08 col 
Bt /O9 co. 
B2 1/010 co 
B3 O11 Crm 
10/CLKO cr1T- 
Voc Lt 
GND com 
1/CLK1 Colm 
B4 1/012 crm 
B5 1/013 com 
B6 1/014 cr, 
B7 1/015 cod 
Co 1/016 cro 
Ct 017 col 
NC co 
NC co 
TMS crr 
TCK Crom 


TUT Uo OoOU Uo 
rT ti dt) vo oo] oO ot Go 
TOoUugueagoogou go 
QNAOOM*MOrANM 
=Terr ANA A A 
6-~=~O900000 
SsBasss 
OO O00 


100-Pin TQFP 


/042 F2 


) 
ue 
7) 
<f 
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Q 
O0Zz 
zzo 
Mele = 
PL tt TY > 
con © f 
RE — 
a 
TT NC w 
rt] TDO 3 
Tt) NC ak 
TT) NC 7) 
TI] NC 
PIT 1/041 F1 
rrr 1/040 FO 
rr 1/039 EO 
TT 1/038 E1 
rt 1/037 E2 
rrr 1/036 E3 
HTT 15/CLK3 
tt GND 
TTT Voc 
TT 14/CLK2 
rrr 1/035 E4 
rrr 1/034 E5 
rT 1/033 E6 
rrr 1/032 E7 
rrr 1/031 DO 
rT 1/030 D1 
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PIN DESIGNATIONS 


CLK/I = Clock or Input 
GND = Ground 

I = Input 

VO = Input/Output 
Vcc = Supply Voltage 
NC = No Connect 
TDI = Test Data In 
TCK = Test Clock 

TMS = Test Mode Select 
TDO = Test Data Out 
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Le Macrocell (0-7) 


PAL Block (A-F) 
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CONNECTION DIAGRAM (MA(LV)-128N/64) 


Top View 
84-Pin PLCC 
B7 = '/08 
B6 Og 
B5 1/010 
B4 O11 
B3 1/012 
B2 1/013 
Bi 1/014 
BO 1/015 
CLKo/lo 
Vcc 
GND | 
CLK4/l4 
Co 1/016 
C1 1/017 
C2 1/018 
C3 1/019 
C4 1/020 
C5 1/021 
C6 1/022 
C7 1/023 
- GND 
Bdoaogago00a00 Doo oo 17466F-030 
Note: 


Pin-compatible with the MACH131, MACH231, MACH435. 


PIN DESIGNATIONS 


CLK/I 
GND = Ground C 7 


I = Input 
I/O = Input/Output | Ma - ocell (0-7) 


Vcc = Supply Voltage 


Clock or Input 


PAL Block (A-H) 
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CONNECTION DIAGRAM (MA(LV)-128/64 AND M4A(3,5)-128/64) 


Top View 
100-Pin PQFP 
CeCiL ace TrTTcrLer 
hoormaro VQOUS8ESRHH0n 
999 00909 OFFOQLOOVLOO 
SSSSSSSSSGOSSSSSES585 = 
HUEMUUUT UT OETA > 
CY 
O 88858 858858885883 885 = 
GNDC_J |1 sasteess SSSLEEEE 80) Ean oy 
GND] }2 = Seep [——] GND 3 
TOIL {3 [1 TDO = 
Isl 4 -——] TRST D 
B7) WO8C— 15 11/055 + G7 "“n 
B6 Vogl |6 [1/054 G6 
B5 VvO10C— |7 [—I/053 G5 
B46 Vvonlc—4 P1052 G4 
B3 VvOo12—— [1/051 G3 
B2 vo1i30— r—/050 G2 
B1 Vvo14c— 4 [1/049 Gt 
Bo Vvoisc— [1/048 GO 
lo/CLKO L— [1 14/CLK3 
Voce [—] GND 
Voc C4 -——_] GND 
GND C— P11 Vec 
GND C—1¥ec 
H/CLK1 [1 13/CLK2 
co V/oi6c 4 11/047 FO 
C1 yvoi7c P1046 =F 1 
c2 voit [1/045 -F2 
c3. vo1i90—4 P1044 «3 
C4 V/O200C_ P1/043«F4 
cs vo21C [10425 
C6 WV/O22L— -—11/041 Fé 
C7 = Vo230_ j——1 1/040 F7 
TMs C— P12 
TCcK CS 7} ENABLE 
GND — |30§ $8 85 88 $$§ $288 51| enn 
Hasagensosaeeseesess 
OnNnnnts +t terry W 
TWOORDHOF 1:Q QAONNTNOORAD 
895889889§ 285855886 
BS8S8858  Basgigeo 
i 17466F-031 
Note: 
The numbers in parentheses reflect compatible pin numbers for 84-pin PLCC. 
I/CLK = Input or Clock TRST = Test Reset 
GND = Ground ENABLE = Program 
I = Input 
YO = Input/Output C 7 
Vcc = Supply Voltage 
TCK = Test Clock 
TMS = Test Mode Select PAL Block (A-H) 
TDO = Test Data Out 
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CONNECTION DIAGRAM (MA(LV)-128/64 AND M4A(3,5)-128/64) 


Top View 


GND cro 

TDI Coo 

B7 O08 CoO 
B6 O09 cr 
B5 1/010 cro 
B4 1/011 coo 
B3 012 Cro 
B2 1/013 crm 
Bi 1/014 crm 
Bo 1/015 crm 
10/CLKO CLC} 
Voc (oo 

GND Coo 
1/CLK1 Cor 
co 016 cro 
ci V/O17 com 
ce 1/018 cor 
c3 «(019 cro 
c4 020 cro 
c5) = «(V021 cro 
c6 1/022 crm 
c7 023 com 
TMS coo 

TCK CoO 

GND crm 


PIN DESIGNATIONS 


CLK/I = Clock or Input 
GND = Ground 

I = Input 

/O = Input/Output 
Vcc = Supply Voltage 


TDI = Test Data In 
TCK = Test Clock 
TMS = Test Mode Select 
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Test Data Out 
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OON OA ARAN — 


107 AZ 


100; FT GND 
99; Ftt7 GND 


100-Pin TQFP | 
ontanro Ornnmnt+wWon 
IcCccccc LEErrrcTL Ss 
ontoanro0GOo BSBIYCBSBSRBESaa 
SOQOOOOVO9 LG FG Gn QQQOQQVVVGFG 
POOUOODEDEBEPEAaBOEBEeOUEBeEeeeoe ou 
HOOHOHonen eon eee eee 
PLETE TE TLE TL ET eT a 
Routo CMMRONYTO OODOK 
O © © & > © © © CO OO O OoRNRKN 


17466F-032 


TRST = Test Reset 
ENABLE = Program 


Macrocell (0-7) 


PAL Block (A-H) 


MACH 4 Family 


CONNECTION DIAGRAM (MA(LV)-192/96 AND M4A(3,5)-192/96) 


Top View 
144-Pin TQFP 
— 
> 
‘-) 
7 
E7 o 
E 
= : z 
E4 A5 —s 
E 7) 
ED fe mt 
E1 A2 
EO Ai 
AO 
F7 
F6 LO 
F5 Li 
F4 L2 
F3 L3 
F2 L4 
F1 L5 
FO L6 
L7 
GO 
Gt K7 
G2 K6 
G3 K5 
G4 Ka 
G5 K3 
G6 K2 
G7 KI 
KO 
17466F-033 
PIN DESIGNATIONS 
CLK = Clock TMS = Test Mode Select 
GND = Ground TDO = Test Data Out 
I = Input C 7 
YO = Input/Output 
Voc. “7 Supply Vollage | Macrocell (0-7) 
TDI = Test Data In 
TCK = Test Clock PAL Block (A-L) 
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CONNECTION DIAGRAM (MA(LV)-256/128 AND M4A(3,5)-256/128) 
Top View 


208-Pin PQFP 
SHaoeanaoe RVVQEVIIEZ Reere@2@r2& 58888858 
BRONSON Sc Oo DOR OW STO NW 
Oe ON eo oO Ok ey sow 2909990908 02 nie BS DU ey = pee a a 
$288956882 858888858 _ 983g 933% 892455595909 9Z5S55955 4% 
sssssss SSSSIEBSRS BSSESSSRZBISBSROERKRKRFKNQKLKSSSSSSSISESBRE 
TH! cm 2 [“———] Too 
co vow Ca) fs —_—] TRST 
ci vo1i7 Co /4 C—__] 0111 N7 
c2 vow Co {5 T———_] 0110 N6 
c3 vo1i9 Com] {6 TJ 0109 N5S 
c4 vO20 C——) 17 _——] 0108 N4 
cs Wvo21 Cc {8 _—————_] 0107 N3 
cs vo22 CZ 19 [1 0106 N2 
c7 vo23 CI [1 ¥VO105 N1 
Vcc Co -———_] 70104 NO 
GND (J ——— Voc 
Do Vvo24 Co —__] GND 
Di Vv0O2 Cm -———_] 0103 M7 
b2 voz Co C————] 0102 M6 
D3. = VvOoe7 CT [—.__} #0101 M5 
D4 VvOo28 Co [———_] 10100 M4 
D5 vO29 C_ ___] vo9s9 M3 
bé vo3s0 Ci 1 vogs M2 
D7 +vOo31 Co ~~] "097 M1 
2 [~~] 096 MO 
3 Cc Ct 411 
GND C.— 7 GND 
Veco CS Co _) Voc 
Voc CJ 1 Voc 
GND CI 3 GND 
GND Co [—._] GND 
Voc _——"] Voc 
Voc FC "1 Voc 
GND Cl ————] GND 
4c ———] 110 
EO Vvo32 Co __—] 19 
E1 Vvo33 Co [—_] ”095 L7 
E2 vos¥4 Co -——_] vo94 Lé 
E3 7035 CI [———_} vo9s LS 
E4 vo36 Cm [_———"} VWog2 14 
ES Vvo37 Co 1] vo9g1 LS 
E6 Vo38 Co [-——] vogo 12 
E7 Vvo39 CT ~———1 vosg  L1 
GND C— ————] voss LO 
Veo Co ————] GND 
Fo 040 Co J Veco 
F1 vOo44 Cc [———] v08s7 K7 
Fo VO42 CI [-———_] vos6  K6 
F3 (1/048 CO -———] 085 KS 
F4 1/044 CJ C——] v084 K4 
F5 VO45 CJ ~————] v083 COK3 
Fe VOo4s6 Co -———_] WoB82 = K2 
F7 O47 Co _—"—j vost Ki 
Ts Co [_—~] ”0s0 KO 
KK C—_—_] ENABLE 
GND Co _———_] GND 


SSSSLKCKLELLRLLSSIWS 8588 
JUJUUUUUUUUUUUUUUUUUUUUUU HUUUUUUUUL 
OPSSERSSBO OSE RSSSISLLS VO VYYI9 GUS LFSSESSLE VONLLLLKLRD 
PIN DESIGNATIONS 
CLK = Clock | TDO = Test Data Out 
GND = Ground TRST = Test Reset 
I = Input ENABLE= Program 
YO = Input/Output Cc hU7 
Vcc = Supply Voltage 
TDI = Test Data In Macrocell (0-7) 
TCK = Test Clock 
TMS = Test Mode Select PAL Block (A-P) 
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PRODUCT ORDERING INFORMATION 
MACH 4 Devices Commercial & Industrial - 3.3V and 5V 


Vantis programmable logic products are available with several ordering options. The order number (Valid Combination) is formed 
by a combination of: 


M4- 256/128 -7 Y C 


FAMILY TYPE en 7 


M4- = MACH 4 Family (5-V Vcc) 
MA4LV- = MACH 4 Family Low Voltage (3.3-V Vcc) 


48 = 48-pin TQFP for M4(LV)-32/32 
or MA4(LV)-64/32 


OPERATING CONDITIONS 
C = Commercial (0°C to +70°C) 
nce DENS. I = Industrial (-40 °C to +85 °C) 
32 = 32 Macrocells 128N = 128 Macrocells, Non-ISP 
64 = 64Macrocells 192 = 192 Macrocells PACKAGE TYPE 
96 = 96 Macrocells 256 = 256 Macrocells A = Ball Grid Array (BGA) 
128 = 128 Macrocells J = Plastic Leaded Chip Carrier 
(PLCC) 
V = Thin Quad Flat Pack (TQFP) 
/32 = 32 1/Os in 44-pin PLCC, 44-pin TOQFP or 48-pin TOFP MPa Ouae Mar Ree chOr 
/48 = 481/Os in 100-pin TQFP ; 
/64 = 641/Os in 84-pin PLCC, 100-pin PQFP or 100-pin TQFP SPEED 
/96 = 961/Os in 144-pin TQFP -7 =7.5 ns tpp 
/128 = 128 I/Os in 208-pin PQFP or 256-Pin BGA -10 =10ns tpp 


-12  =12nstpp 
-14 =14ns tpp 
-15 =15 ns tpp 
-18 =18ns tp 


mane 
ane 
nnn 
mmm 
: 


All MACH devices are dual-marked with both Commercial and Valid Combinations 
Industrial grades. The Industrial speed grade is slower, i.e., 
M4-256/128-7YC-10YI 


Valid Combinations list configurations planned to be 
_ supported in volume for this device. Consult the local Vantis 
sales office to confirm availability of specific valid 
combinations and to check on newly released combinations. 


74 MACH 4 Family 


“Vy 


PRODUCT ORDERING INFORMATION 


MACH 4A Devices Commercial and Industrial - 3.3V and 5V 


Vantis programmable logic products are available with several ordering options. The order number (Valid Combination) is formed 


by a combination of: 


M4A3- 


FAMILY TYPE |] 


M4A3- = MACH 4 Family Low Voltage Advanced 
Feature (3.3-V Vcc) 
M4A5- = MACH 4 Family Advanced Feature (5-V Vcc) 


MACROCELL DENSITY .- 
32 = 32 Macrocells 192 
64 = 64 Macrocells 256 
96 = 96 Macrocells 
128 = 128 Macrocells 


192 Macrocells 
256 Macrocells 


/Os 
/32 = 32 1/Os in 44-pin PLCC, 44-pin TQFP or 48-pin TQFP 
/48 = 481/Os in 100-pin TQFP 
/64 = 641/Os in 100-pin TQFP or 100-pin PQFP 
/96 = 96 I/Os in 144-pin TQFP 

/128 = 128 1/Os in 208-pin PQFP or 256-Pin BGA 


ie 
-50, -55, -60, -65, wo 
-7, -10, -12 


YC, VC 
YC, AC 
YC, AC 


All MACH devices are dual-marked with both Commercial and 
Industrial grades. The Industrial speed grade is slower, i.e., 
M4A3-256/128-7YC-10YI 


VC 
VC 
VC 
VC 


256 / 128 


7 Y C 


I. = 48-pin TQFP for 


M4A3-32/32 or M4A3-64/32 
M4A5-32/32 or M4A5-64/32 


OPERATING CONDITIONS 


C = Commercial (0°C to +70°C) 

I = Industrial (-40 °C to +85 °C) 

PACKAGE TYPE 

A = Ball Grid Array (BGA) 

J = Plastic Leaded Chip Carrier 
(PLCC) 

Vv = Thin Quad Flat Pack (TQFP) 

Y = Plastic Quad Flat Pack (PQFP) 

SPEED 

0 = 5.0 ns tpp 

-55 = 5.5 ns tpp 


-60 = 6.0 ns tpp 
-65 = 6.5 nS tpp 


-7 = 7.5 ns tpp 
-10 = 10 ns tpp 
-12 = 12 ns tpp 
-14 = 14nstpp 


Ji, Vi, 
ji, Vi, 
VI 
VI 
YI, VI 
MLM 
VI 
VI 
YI, Al 
YI, Al 


-7, -10, -12, -14 


Valid Combinations 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local Vantis 
sales office to confirm availability of specific valid 
combinations and to check on newly released combinations. 
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MACH CPLD Family 


| BEYOND PERFORMANCE Fifth Generation MACH Architecture 


FEATURES 


@ High logic densities and I/Os for increased logic integration 
— 128 to 512 macrocell densities 
— 68 to 256 I/Os 
@ Wide selection of density and I/O combinations to support most application needs 
— 6 macrocell density options 
— 8 I/O options 
— Up to 5 I/O options per macrocell density 
— Up to 6 density & I/O options for each package 
@ Performance features to fit system needs 
— 5.5 ns top Commercial, 7.5 ns tpp Industrial 
— 182 MHz font 
— Four programmable se uareneed settings per block 
@ Flexible architecture facilitates logic design 
— Multiple levels of switch matrices allow for performance-based routing 
— 100% routability and pin-out retention 
— Synchronous and asynchronous clocking, including dual- eave clocking 
— Asynchronous product- or sum-term set or reset 
— 16 to 64 output enables 
— Functions of up to 32 product terms 
@ Advanced capabilities for easy system integration 
— 3.3-V & 5-V JEDEC-compliant operations 
— JTAG (IEEE 1149.1) compliant for boundary scan testing 
— 3.3-V & 5-V JTAG in-system programming 
— PCI compliant (-5/-6/-7/-10/-12 speed grades) 
— Safe for mixed supply voltage system design 
— Programmable pull-up or Bus-Friendly™ Inputs & I/Os 
— Individual output slew rate control 
— Hot socketing 
— Programmable security bit 
@ Advanced EE CMOS process provides high performance, cost effective solutions 
@ Supported by Vantis DesignDirect™ software for rapid logic development 
— Supports HDL design methodologies with results optimized for Vantis 
— Flexibility to adapt to user requirements 
— Software partnerships that ensure customer success 
@ Vantis and Third-party hardware programming support 
— VantisPRO™ (formerly known as MACHPRO®) software for in-system programmability 
support on PCs and Automated Test Equipment 
— Programming support on all major programmers including Data I/O, BP Microsystems, Advin, 
and System General 
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Publication# 20446 Rev: G 
Amendment/0 Issue Date: November 1998 


Table 1. MACH 5 Device Features ! 


M5-128 M5-256 M5-320 M5-384 M5-512 
M5LV-128 M5LV-256 M5LV-320 M5LV-384 M5LV-512 | 


Supply Voltage (V) 
Macrocells 


ie) 


Maximum User I/O Pins 


so 
125 


3°) 
“A 
met 
Dn 


Yes Yes 
Note: 
1. “M5-xxx” is for 5-V devices. “M5LV-xxx” is for 3.3-V devices. 


Table 2. MACH 5A Device Features ! :2 


Notes: 


1. All information on MACH 5A devices is Advance Information. Please contact a Vantis sales representative for details on 
availability. | 


2. “M5A5-xxx” is for 5-V devices “M5A3-xxx” is for 3,3-V devices. 
GENERAL DESCRIPTION 


The MACH® 5 family consists of a broad range of high-density and high-I/O Complex 
Programmable Logic Devices (CPLDs). The fifth-generation MACH architecture yields fast speeds 
at high CPLD densities, low power, and supports additional features such as in-system 
programmability, JTAG testability, and advanced clocking options (Tables 1 and 2). Both the 
MACH 5 and the MACH 5A families offer 5-V (M5-xxx and M5A5-xxx) and 3.3-V (M5LV-xxx and 
M5A3-xxx) operation. — 


Manufactured in state-of-the-art ISO 9000 qualified fabrication facilities on EECMOS process 
technologies, MACH 5 devices are available with pin-to-pin delays as fast as 5.5 ns (Tables 3 and 
4). The 5.5, 6.5, 7.5, 10, and 12-ns devices are compliant with the PCT Local Bus Specification. 
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Table 3. MACH 5 Speed Grades 
Speed Grade’ 


C 
M5-192 C 
M5-256 


Note: 
1. C=Commercial grade, I = Industrial grade 


Table 4. MACH 5A Speed Grades 


Speed Grade! 
ae ee 
mane Tae ee 
ES 
veers eee 
eaanaat Hie ae 
ed 
oa 
ce 


Notes: 
1. C=Commercial grade, I= Industrial grade. All information on MACH 5A devices is Advance Information. Please contact a 
Vantis sales representative for details on availability. 


2. The-—5 and-6 commercial and —7 industrial speed grades are under development for M5A3-320, M5A3-384, and M5A3-512. 
Please contact a Vantis sales representative for details on availability. 


0 


With Vantis’ unique hierarchical architecture, the MACH 5 family provides densities up to 512 
macrocells to support full system logic integration. Extensive routing resources ensure pinout 
retention as well as high utilization. It is ideal for PAL® block device integration and a wide range 
of other applications including high-speed computing, low-power applications, communications, 
and embedded control. At each macrocell density point, Vantis offers several I/O and package 
options to meet a wide range of design needs (Tables 5 and 6). 
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Table 5. MACH 5 Package and I/O Options ! 


ro M5-128 ; eee | M5-256 M5-320 M5-384 M5-512 
Package M5LV-128 MS5LV-256 MSLV-320 MS5LV-384 MSLV-512 
foopinrore [we | w]e TCC 
foosinrar | wd] S/T CUTTS TTTCdSCTCC~dYSCC~*Y 
oesinpare— [ 
paoinpore | 

ee 

eee ee 


104 
120 


256-pin BGA 
352-pin BGA 


Note: 
1. The I/O options indicated with a “*” are only available for the “LV” devices. 


ee 
ee 


Table 6. MACH 5A Package and I/O Options' 


~ M5A3-128 M5A3-192 M5A3-256 M5A3-384 
Package M5A5-128 M5A5-192 M5A5-256 


foopnror || 
reoinrare [ay 
208-pinPQOFP | 

as 


256-pin BGA 


Note: 
1. Allinformation on MACH 5A devices is Advance Information. Please contact a Vantis sales representative for details on — 
availability. 


Advanced power management options allow designers to incrementally reduce power while 
maintaining the level of performance needed for today’s complex designs. I/O safety features 
allow for mixed-voltage design, and both the 3.3-V and the 5-V device versions are in-system 
programmable through a JTAG-compliant interface. 


Vantis offers software design support for MACH devices in both the MACHXL® and DesignDirect 
development systems. The DesignDirect development system is the Vantis implementation 
software that includes support for all Vantis CPLD, FPGA and SPLD devices. This system is 
supported under Windows 95, ’98 and NT as well as Sun Solaris and HPUX. 


DesignDirect software is designed for use with design entry, simulation and verification software 
from leading-edge tool vendors such as Cadence, Exemplar Logic, Mentor Graphics, Model 
Technology, Synopsys, Synplicity, Viewlogic and others. It accepts EDIF 2 00 input netlists, 
generates JEDEC files for Vantis PLDs and creates industry standard EDIF, Verilog, VITAL compliant 
VHDL and SDF simulation netlists for design verification. 


DesignDirect software is also available in product configurations that include VHDL and Verilog 
synthesis from Exemplar Logic and VHDL, Verilog RTL and gate level timing simulation from Model 
Technology. Schematic capture and ABEL entry, as well as functional simulation, are also provided. 
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FUNCTIONAL DESCRIPTION 


The MACH 5 architecture consists of PAL blocks connected by two levels of interconnect (Figure 1). 
The block interconnect provides routing among 4 PAL blocks. This grouping of PAL blocks 
joined by the block interconnect is called a segment. The second level of interconnect, the 
segment interconnect, ties all of the segments together. The only logic difference between any 
two MACH 5 devices is the number of segments. Therefore, once a designer is familiar with one 
device, consistent performance can be expected across the entire family. All devices have four 


ee = 

clock pins available which can also be used as logic inputs. > 
CLK <= 

Block: oo 

16 MCs 4 3 

= 

Va) 


Segment: 
4 Blocks 


20446G-001 


Figure 1. MACH 5 Block Diagram 


The MACH 5 PAL blocks consist of the elements listed below (Figure 2). While each PAL block 
resembles an independent PAL device, it has superior control and logic generation capabilities. 


@ 1/0 cells 

@ Product-term array and Logic Allocator 
@ Macrocells 

@ Register control generator 7 


Output enable generator 


I/O Cells 


The I/Os associated with each PAL block have a path directly back to that PAL block called local 
feedback. If the I/O is used in another PAL block, the interconnect feeder assigns a block 
interconnect line to that signal. The interconnect feeder acts as an input switch matrix. The block 
and segment interconnects provide connections between any two signals in a device. The block 
feeder assigns block interconnect lines and local feedback lines to the PAL block inputs. 
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Interconnect Feeder 


20446G-002 
Figure 2. PAL Block Structure 


PRODUCT-TERM ARRAY AND LOGIC ALLOCATOR 


The product-term array uses the same sum-of-products architecture as Vantis’ PAL devices and 
consists of 32 inputs (plus their complements) and 64 product terms arranged in 16 clusters. A 
cluster is a sum-of-products function with either 3 of 4 product terms. 


Logic allocators assign the clusters to macrocells. Each macrocell can accept up to eight clusters 
of three or four product terms, but a given cluster can only be steered to one macrocell (Table 7). 
If only three product terms in a cluster are steered, the fourth can be used as an input to an XOR 
gate for separate logic generation and/or polarity control. 


The wide logic allocator is comprised of all 16 of the individual logic allocators and acts as an 
output switch matrix by reassigning logic to macrocells to retain pinout as designs change. The 
logic allocation scheme in the MACH 5 device allows for the implementation of large equations 
- (up to 32 product terms) with only one pass through the logic array. 


Table 7. Product Term Steering Options for PT Clusters and Macrocells 


Twacoest | Wralabe utes | Macro | __hvalable Chases 
Cos Cis Ca C55 C4 | Ms 

Mf Cts |My |G Cros Crn Crna 
pM CCC Cart C5 | Mio | loi Crr Civ | 
Co, C1 Cos Cas Ca C5 C6 Mn | 

Co, Gy, Cp, Cz, C4, C5, CG, Cy M12 Cg, Co, Co, C11, Cy, C13, C14, Crs 

C3, C4, C5, Cg, C7, Cg, Co, Cro Cy1, Cra, C13, Cy4, Crs 
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The macrocells for MACH 5 devices consist of a storage element which can be configured for 
combinatorial, registered or latched operation (Figure 3). The D-type flip-flops can be configured 
as T-type, J-K, or S-R operation through the use of the XOR gate associated with each macrocell. 


Macrocells 


Each PAL block has the capability to provide two input registers by using macrocells 0 and 15. In 
order to use this option, these macrocells must be accessed via the I/O pins associated with 
macrocells 3 and 12, respectively. Once the macrocell is used as an input register, it cannot be used 
for logic, so its clusters can be re-directed through the logic allocator to another macrocell. The 
I/O pins associated with macrocells 0 and 15 can still be used as input pins. Although the I/O pins 
for macrocells 3 and 12 are used to connect to the input registers, these macrocells can still be 
used as “buried” macrocells to drive device logic via the matrix. 


Macrocell 


Logic 
Allocator 


Control Bus 


5-8 
Clusters/ 
MC 


Prog. Polarity Mod 
ode 
Selection 


Figure 3. Macrocell Diagram 
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Control Generator 


The control generator provides four configurable clock lines and three configurable set/reset lines to 
each macrocell in a PAL block. Any of the four clock lines and any of the three set/reset lines can 
be independently selected by any flip-flop within a block. The clock lines can be configured to 
provide synchronous global (pin) clocks and asynchronous product term clocks, sum term clocks, 
and latch enables (Figure 4). Three of the four global clocks, as well as two product-term clocks 
and one sum-term clock, are available per PAL block. Positive or negative edge clocking is 
available as well as advanced clocking features such as complementary and biphase clocking. 
Complementary clocking provides two clock lines exactly 180 degrees out of phase, and is useful 
in applications such as fast data paths. A biphase clock line clocks flip-flops on both the positive 
and negative edges of the clock. The configuration options for the four clock lines per PAL block 
are as follows: 


Clock Line 0 Options 

@ Global clock (, 1, 2, or 3) with positive or negative edge clock enable 
@ Product-term clock (A*B*C) 

@ Sum-term clock (A+B+C) 

Clock Line 1 Options 

@ Global clock (, 1, 2, or 3) with positive edge clock enable 
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@ Global clock (0, 1, 2, or 3) with negative edge clock enable © 


@ Global clock (0, 1, 2, or 3) with positive and negative edge clock enable (biphase) 
Clock Line 2 Options 


@ Global clock (0, 1, 2, or 3) with clock enable 
Clock Line 3 Options 
@ Complement of clock line 2 (same clock enable) 


@ Product-term clock Gf clock line 2 does not use clock enable 


PT (0:3) > 


PINCLK (0:3) ("> 


SETO/RSTO 


20446G-004 20446G-005 
Figure 4. Clock Generator Figure 5. Set/Reset Generator 


The set/reset generation portion of the control generator (Figure 5) creates three set/reset lines for 
the PAL block. Each macrocell can choose one of these three lines or choose no set/reset at all. 
All three lines can be configured for product term set/reset and two of the three lines can be 
configured as sum term set/reset and one of the lines can be configured as product-term or sum- 
term latch enable. While the set/reset signals are generated in the control generator, whether that 
signal sets or resets a flip-flop is determined within the individual macrocell. The same signal can 


set one flip-flop and reset another. PT2 or /PT2 can also be used as a latch enable for macrocells 
configured as latches. 
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OE Generator 


There is one output enable (OE) generator per PAL block that generates two product-term driven 
output enables. Each I/O cell is simply an output buffer. Each I/O cell within the PAL block can 
choose to be permanently enabled, permanently disabled, or choose one of the two product term 


output enables per PAL block (Figure 6). 


Output Enable 
Generator 
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20446G-006 
Figure 6. Output Enable Generator and I/O Cell 


MACH 5 Family 85 


MACH 5 TIMING MODEL 


The primary focus of the MACH 5 timing model is to accurately represent the timing in a MACH 5 
device, and at the same time, be easy to understand. This model accurately describes all 
combinatorial and registered paths through the device, making a distinction between internal 
feedback and external feedback. A signal uses internal feedback when it is fed back into the 
switch matrix or block without having to go through the output buffer. The input register 
specifications are also reported as internal feedback. When a signal is fed back into the switch 
matrix after having gone through the output buffer, it is using external feedback. 


The parameter, tpyyp, is defined as the time it takes to go through the output buffer to the I/O pad. 
If a signal goes to the internal feedback rather than to the I/O pad, the parameter designator is 
followed by an “i”. By adding tpyp to this internal parameter, the external parameter is derived. 
For example, tpp = tpp; + tgup A diagram representing the modularized MACH 5 timing model is 
shown in Figure 7. Refer to the Technical Note entitled MACH 5 Timing and High Speed Design 
for a more detailed discussion about the timing parameters. 


(External Feedback) 


(Internal Feedback) 
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Figure 7. MACH 5 Timing Model 


86 MACH 5 Family 


MULTIPLE I/O AND DENSITY OPTIONS 


The MACH 5 family offers six macrocell densities in a number of I/O options. This allows designers 
to choose a device close to their logic density and I/O requirements, thus minimizing costs. For 

the same package type, every density has the same pin-out. With proper design considerations, a 
design can be moved to a higher or lower density part as required. 


JTAG BOUNDARY SCAN TESTABILITY 


All MACH 5 devices have JTAG boundary scan cells and are compliant to the JTAG standard, IEEE 
1149.1. This allows functional testing of the circuit board on which the device is mounted through 
a serial scan path that can access all critical logic nodes. Internal registers are linked internally, 
allowing test data to be shifted in and loaded directly onto test nodes, or test node data to be 
captured and shifted out for verification. In addition, these devices can be linked into a board-level 
serial scan path for more complete board-level testing. | 


JTAG IN-SYSTEM PROGRAMMING 


Programming devices in-system provides a number of significant benefits including: rapid 
prototyping, lower inventory levels, higher quality, and the ability to make in-field modifications. 
All MACH 5 devices provide in-system programming (ISP) capability through their JTAG ports. This 
capability has been implemented in a manner that insures that the JTAG port remains compliant 
to the IEEE 1149.1 standard. By using JIAG as the communication interface through which ISP is 
achieved, customers get the benefit of a standard, well-defined interface. 


MACH 5 devices can be programmed across the commercial temperature and voltage range. Vantis 
provides its free PC-based VantisPRO software to facilitate in-system programming. VantisPRO 
software takes the JEDEC file output produced by Vantis’ design implementation software, along 
with information about the JTAG chain, and creates a set of vectors that are used to drive the JTAG 
chain. VantisPRO software can use these vectors to drive a JIAG chain via the parallel port of a 
PC. Alternatively, VantisPRO software can output files in formats understood by common 
automated test equipment. This equipment can then be used to program MACH 5 devices during 
the testing of a circuit board. For more information about in-system programming, refer to the 
separate document entitled MACH ISP Manual. 


PCi| COMPLIANT 


MACH 5(A) devices in the -5/-6/-7/-10/-12 speed grades are compliant with the PCT Local Bus 
Specification version 2.1, published by the PCI Special Interest Group (SIG). The 5-V devices are 
fully PCI-compliant. The 3.3-V devices are mostly compliant but do not meet the PCI condition to 
clamp the inputs as they rise above Vcc because of their 5-V input tolerant feature. MACH 5 
devices provide the speed, drive, density, output enables and I/Os for the most complex PCT 
designs. 
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SAFE FOR MIXED SUPPLY VOLTAGE SYSTEM DESIGNS ' 


Both the 3.3-V and 5-V Vcc MACH 5 devices are safe for mixed supply voltage system designs. 
The 5-V devices will not overdrive 3.3-V devices above the output voltage of 3.3 V, while they 
accept inputs from other 3.3-V devices. The 3.3-V devices will accept inputs up to 5.5 V. Both the 
3.3-V and 5-V versions have the same high-speed performance and provide easy-to-use mixed- 
voltage design capability. 


Note: 
1. Except for M5-128, M5-192, and M5-256. ; 


PULL-UP OR BUS-FRIENDLY INPUTS AND I/O 


All MACH 5 devices have inputs and I/Os which feature the Bus-Friendly circuitry incorporating 
two inverters in series which loop back to the input. This double inversion weakly holds the input 
at its last driven logic state. While it is a good design practice to tie unused pins to a known state, 
the Bus-Friendly input structure pulls pins away from the input threshold voltage where noise can 
cause high-frequency switching. At power-up, the Bus-Friendly latches are reset to a logic level 
“1.” For the circuit diagram, please refer to the Input/Output Equivalent Schematics (page 393) in 
the General Information Section of the Vantis 1999 Data Book. All MACH 5A devices have a 
programmable bit that configures all input and I/Os with either pull-up or Bus-Friendly 
characteristics. If the device is configured in pull-up mode, all inputs and I/Os are weakly pulled 
up. For the circuit diagram, please refer to the Input/Output Equivalent.Schematics (page 393) in 
the General Information Section of the Vantis 1999 Data Book. 


POWER MANAGEMENT 


There are 4 power/speed options in each MACH 5 PAL block (Table 8). The speed and power 
tradeoff can be tailored for each design. The signal speed paths in the lower-power PAL blocks 
will be slower than those in the higher-power PAL blocks. This feature allows speed critical paths 
to run at maximum frequency while the rest of the signal paths operate in a lower-power mode. 
In large designs, there may be several different speed requirements for different portions of the 
design. 


Table 8. Power Levels 


Medium Low Speed/Medium Low Power 


PROGRAMMABLE SLEW RATE 


Each MACH 5 device I/O has an individually programmable output slew rate control bit. Each 
output can be individually configured for the higher speed transition (3 V/ns) or for the lower 
noise transition (1 V/ns). For high-speed designs with long, unterminated traces, the slow-slew rate 
will introduce fewer reflections, less noise, and keep ground bounce to a minimum. For designs 
with short traces or well terminated lines, the fast slew rate can be used to achieve the highest 
speed. The slew rate is adjusted independent of power. 
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POWER-UP RESET/SET 


All flip-flops power up to a known state for predictable system initialization. If a macrocell is 
configured to SET on a signal from the control generator, then that macrocell will be SET during 
device power-up. If a macrocell is configured to RESET on a signal from the control generator or 
is not configured for set/reset, then that macrocell will RESET on power-up. To guarantee 
initialization values, the Vcc rise must be monotonic and the clock must be inactive until the reset 
delay time has elapsed. 


SECURITY BIT 


A programmable security bit is provided on the MACH 5 devices as a deterrent to unauthorized 
copying of the array configuration patterns. Once programmed, this bit defeats readback of the 
programmed pattern by a device programmer, securing proprietary designs from competitors. 
Programming and verification are also defeated by the security bit. The bit can only be reset by 
erasing the entire device. 


HOT SOCKETING 


MACH 5A devices are well-suited for those applications that require hot socket capability. Hot 
socketing a device requires that the device, when powered-down, can tolerate active signals on 
the I/Os and inputs without being damaged. Additionally, it requires that the effects of the 
powered-down MACH device be minimal on active signals. 
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ABSOLUTE MAXIMUM RATINGS 


M5 and M5A5 

Storage Temperature.............. -65°C to +150°C 
Device Junction 

Temperature (Note 1)........... +130°C or +150°C 
Supply Voltage 

with Respect to Ground ........... 0.5 Vto+7.0V 
DC Input Voltage ................. -0.5 V to 5.5 V 
Static Discharge Voltage ................. 2000 V 
Latchup Current (-40°C to +85°C) .......... 200 mA 


Stresses above those listed under Absolute Maximum 
Ratings may cause permanent device failure. Functionality at 
or above these limits is not implied. Exposure to Absolute 
Maximum Ratings for extended periods may affect device 
reliability. 


OPERATING RANGES 


Commercial (C) Devices 


Ambient Temperature (T,) 
Operating in Free Air............... O°C to +70°C 


Supply Voltage (Vcc) 
with Respect to Ground......... +4.75 V to +5.25 V 
Industrial (I) Devices 


Ambient Temperature (T,) 

Operating in Free Air.............. -40°C to +85°C 
Supply Voltage (Vcc) 

with Respect to Ground........... +45 Vto+5.5V 


Operating ranges define those limits between which the 
functionality of the device is guaranteed. 


5-V DC CHARACTERISITICS OVER OPERATING RANGES 


Output HIGH Voltage 
(For M5-320, M5-384, M5-512, M5A5-128; 
M5A5-192, M5A5-256 Devices) 
Output HIGH Voltage 

(For M5-128, M5-192, M5-256 Devices) 
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OH 


Note: 


lon = -2.5 mA, Voc = 5.25 V, Vin = Vin or Vir oe a . 


Output LOW Voltage (Note 2) Igy, = +16 mA, Voc = Min, Vyy = Vy OF Vp P| 


Input HIGH Voltage ponlesieg Input Logical HIGH Voltage for all Inputs 
Input LOW Voltage rans Input Logical LOW Voltage for all Inputs 


in | Input HIGH Leakage Current Vin = 5.25, Voc = Max (Note 4) 


Off-State Output Leakage Current HIGH Vout = 5.25, Vcc = Max, Vin = Vip Or Vy, (Note 4) 
Off-State Output Leakage Current LOW Vour = 9, Voc = Max, Vay = Viq or Vy, (Note 4) 
Output Short-Circuit Current Vour = 9.5 Vcc = Max, Viy = Viq or Viz, (Note 5) 
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1. 150° for M5-128, M5-192 and M5-256 devices. 130° for M5-320, M5-384, M5-512 and all M5A5-xxx devices. 


Total Ip, between ground pins should not exceed 64 mA. 


Wo ww N 


l/O pin leakage is the worst case of I, and Ipz, or Ip, and Ipzz. 


These are absolute values with respect to device ground, and all overshoots due to system and/or tester noise are included. 


Not more than one output should be shorted at a time. Duration of the short-circuit should not exceed one second. 
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ABSOLUTE MAXIMUM RATINGS 
M5LV and M5A3 


Storage Temperature.............. -65°C to +150°C 
Device Junction Temperature ............. +130°C 
Supply Voltage 

with Respect to Ground .......... -0.5 V to +4.5V 
DC Input Voltage ................. -0.5 V to5.5 V 
Static Discharge Voltage ................. 2000 V 
Latchup Current (-40°C to +85°C) .......... 200 mA 


Stresses above those listed under Absolute Maximum 
Ratings may cause permanent device failure. Functionality at 
or above these limits is not implied. Exposure to Absolute 
Maximum Ratings for extended periods may affect device 
reliability. 


OPERATING RANGES 


Commercial (C) Devices 


Ambient Temperature (T,) 
Operating in Free Air... ............ O°C to +70°C 


Supply Voltage (Vcc) | 
with Respect to Ground........... +3,0 V to +3.6 V 
Industrial (I) Devices 


Ambient Temperature (T,) 

Operating in Free Air.............. -40°C to +85°C 
Supply Voltage (Vcc) 

with Respect to Ground........... +3.0 V to +3.6 V 


Operating ranges define those limits between which the 
functionality of the device is guaranteed. 


3.3-V DC CHARACTERISITICS OVER OPERATING RANGES 


Voc = Min 
Output HIGH Voltage 
Vin = Vin or Vin 


Vcc = Min 
Output LOW Voltage 


Vin = Vin or Viz 


Notes: 
1. Total Ip, between ground pins should not exceed 64 MA. 


Parameter | 
Symbol Parameter Description Test Description 


Vour = 3-6, Voc = Max, Vay = Vin or Vi, (Note 3) 
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These are absolute values with respect to device ground, and all overshoots due to system and/or tester noise are included. 


vA 
3. VO pin leakage is the worst case of Ij, and Ipz;, or Iz and Ipzzy. 
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. Not more than one output should be shorted at one time. Duration of the short-circuit should not exceed one second. 
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M5(LV) TIMING PARAMETERS OVER OPERATING RANGES! 
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Latch setup time 
Latch hold time 


Transparent latch internal 
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Input register hold time using a 
synchronous clock 


Input register hold time using an 
asynchronous clock 
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pili | Transparent input latch 
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Output enable time 
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M5(LV) TIMING PARAMETERS OVER OPERATING RANGES! (CONTINUED) 
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Input register clock width low or high 
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M5(LV) TIMING PARAMETERS OVER OPERATING RANGES! (CONTINUED) 
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Maximum input register frequency 167 
1/(torpsttirps) Or 1/(2 x tywycw) 

Notes: 

1. See “Switching Test Circuits” in the General Information Section of the Vantis 1999 Data Book. 

2. Numbers in parentheses are for M5-128, M5-192, and M5-250. 

3. Ifa signal is used as both a clock and a logic array input, then the maximum input frequency applies (fy4x/2). 
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M5A(3,5) TIMING PARAMETERS OVER OPERATING RANGES * 
eee eae ee 
[Min [Max] Min | Max] Min | Max] Min | Max | Min | Max] Min | Max 
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Combinatorial Delay: 


pp; __ | Internal combinatorial propagation delay 


Combinatorial propagation delay 
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Registered Delays: 
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M5A(3,5) TIMING PARAMETERS OVER OPERATING RANGES * (CONTINUED) 


i i i 
[Min | Max] Min | Max| Min | Max) Min | Max | Min | Max| Min | Max] 

Block interconnect delay 320, 384 and 512 Macrocells | fio} [ao] fas} fas} fas] fas | as | 
Segment interconnect delay 320, 384, and 512 Macrocells | {20} [20] fas} [40] [4o[ — | 40 [| as | 
Block interconnect delay 128, 192 and 256 Macrocells ae 1.5 ra ee ee P15 | ns | 
Segment interconnect delay 128, 192 and 256 Macrocells I 25 | fas] fas] | 40] | 40) a | 4.0 | ns | 


ta [ondinon renter pron'oinenalreseroopw | | [80] [so] [wo] [mo] [wo 
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Global clock width low (Note 2) 
Global clock width high (Note 2) 
Product term clock width low 


ten | Product term clock width high 


Gate width low (for low transparent) 3.0 40 
‘GWA | of high (for high transparent) 
Input register clock width low or high 
Frequency: 


External feedback, PAL block level 
Min of 1/(twrs + twHs) Or 1/(tgg + tes) 
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No feedback, PAL block level | 

Min of 1/ (twrs + twas) or 1/ (tgg + tis) ay 167 S| 125 100 
External feedback, PAL block level 

Min of 1/( tyra + tps) OF 1/(tey + teoa) a 111 71.4 58.8 47.6 41.7 


No feedback, PAL block level 167 125 
Min of 1/(tyr, + twa) or I/(tgy + ta) 
Maximum input register frequency 
f, 167 12 12 
1/ (torps+tires) or 1/ (2 xX twicw) 5 5 


Notes: 
1. See “Switching Test Circuit” in the General Information Section of the Vantis 1999 Data Book. 


2. Ifa signal is used as both a clock and a logic array input, then the maximum input frequency applies (fy4x/2) 
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CAPACITANCE! 


Parameter 
Parameter eee Description Test conditions 


Vex pn Vin =2.0V 3.3 Vor 5 V, 25°C, go 
Note: 


1. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified where 
these parameters may be affected. 


Icc vs. FREQUENCY 


These curves represent the typical power consumption for a particular device at system frequency. 
The selected “typical” pattern is a 16-bit up-down counter. This pattern fills the device and 
exercises every macrocell. Maximum frequency shown uses internal feedback and a D-type 
register. Power/Speed are optimized to obtain the highest counter frequency and the lowest 
power. The highest frequency (LSBs) is placed in common PAL blocks, which are set to high 
power. The lowest frequency signals (MSBs) are placed in a common PAL block and set to 
lowest power. For a more detailed discussion about MACH 5 power consumption, refer to the 
application note entitled MACH 5 Power in the Application Notes section of the Vantis 1999 Data 
Book. 


Icc CURVES AT HIGH /LOW POWER MODES 


Vcc = 5 V or 3.3 V, Ta = 25 °C 
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Figure 8. Icc Curves at High/Low Power Modes 
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Figure 9. Icc Curves at High/Low Power Modes 
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CONNECTION DIAGRAM 


Top View 
100-Pin PQFP (68 I/O) 
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100} [1] /067 
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GND 
GND 
TDO 
051 
1/050 
1/049 
1/048 
1/047 
1/046 
1/045 
1/044 
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I3/CLK3 
GND 
GND 


Vcc 
Voc 
I2/CLK2 
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1/038 
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1/034 
TMS 
GND 
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GND 
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1/018 (J 131 
019 (—] |32 
1/020 [—] 133 
022 [——] 135 
023 (—— 136 
1/024 [__j |37 
1/025 C_1 |38 
028 FC] |45 
1/029 C__] (46 
1/030 (| |47 
//031 (_—_] |48 
1/032 C__] 149 
1/033 —_} |50 


Pin Designations 


CLK = Clock Vcc = Supply Voltage 3 D 15 

GND = Ground TDI = Test Data In 

I = Input TCK = Test Clock Macrocell (0-15) 
YO = Input/Output TMS = Test Mode Select PAL Block (A-D) 
NC = No Connect TDO = Test Data Out 


Segment (0-3) 
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CONNECTION DIAGRAM 
Top View 


TDI 
1/00 
O01 
1/02 
1/03 
04 
1/05 
1/06 
1/07 
1/08 

10/CLKO 

Vcc 

GND 
GND 
11/CLK1 
09 
1/010 
O11 
1/012 
1/013 
1/014 
1/015 
1/016 
1/017 
TCK 


Pin Designations 


96 | (—] I/O66 


//018 | } 28 
019 CW] | 29 
1/020 ("—} | 30 
021 Cc] } 31 
1/022 C—] | 32 
1/023 C_—] | 33 
1/024 [7] | 34 


100-Pin TQFP (68 I/O) 


026 (—] | 41 
O27 (| | 42 
1/028 [—] | 43 


030 CL] | 45 
1/031 (“= | 46 
032 (“—] | 47 
1/033 [_—] | 48 


12/CLK2 
1/042 
/041 
1/040 
1/039 
1/038 
1/037 
1/036 
1/035 
1/034 
TMS 


20446G-017 


CLK = Clock Vcc = Supply Voltage 3 15 

GND = Ground TDI = Test Data In 

I = Input TCK = Test Clock Macrocell (0-15) 

YO = Input/Output TMS = Test Mode Select PAL Block (A-D) 

NC = No Connect TDO = Test Data Out Segment (0-3) 
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CONNECTION DIAGRAM 


Top View 
100-Pin TQFP (74 I/O) 


Soljlweq HOVIN 
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048 
1/047 
046 
13/CLK3 
GND 
Vec 
12/CLK2 
045 
044 
(043 
042 
041 
1/040 
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1/019 ("—] | 28 
022 (| 31 
023 C_— | 32 
1/024 (_—j | 33 
//028 C__] | 41 
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032 C—] | 45 
1/033 [__} } 46 


20446G-018 
Pin Designations 
CLK = Clock Vcc = Supply Voltage 3 D 15 
GND = Ground TDI = Test Data In 
I = Input TCK = Test Clock Macrocell (0-15) 
YO = Input/Output. TMS = Test Mode Select PAL Block (A-D) 
NC = No Connect TDO = Test Data Out 


Segment (0-3) 
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CONNECTION DIAGRAM 


Top View 
144-Pin PQFP 
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01 
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1/03 
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GND 
1/05 
1/06 
07 
1/08 
GND 
1/09 
1/010 
011 
O12 
10/CLKO 
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GND 
11/CLK1 
013 
1/014 
1/015 
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GND 
1/017 
1/018 
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1/020 
GND 
1/021 
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1/023 
1/024 
1/025 
TCK 
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/073 
GND 
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1/071 
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1/067 
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O65 
13/CLK3 
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I2/CLK2 
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1/061 
GND 
1/060 
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1/057 
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1/054 
1/053 : 
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20446G-019 
Pin Designations 
CLK = Clock | Vcc = Supply Voltage 3 D 15 
GND = Ground TDI = Test Data In 
I = Input | TCK = Test Clock | Macrocell (0-15) 
I/O = Input/Output TMS = Test Mode Select PAL Block (A-D) 
NC = No Connect TDO = Test Data Out 


Segment (0-3) 
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CONNECTION DIAGRAM 


Top View 
144-Pin TQFP 
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052 
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20446G-020 
Pin Designations 
CLK = Clock Vcc = Supply Voltage 3D 15 
GND = Ground TDI = Test Data In 
I = Input TCK = Test Clock Macrocell (0-15) 
YO = Input/Output TMS = Test Mode Select PAL Block (A-D) 
NC = No Connect TDO = Test Data Out 


Segment (0-3) 
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CONNECTION DIAGRAM 


Top View 
160-Pin PQFP (128, 192, 256 Macrocells) | 


TDO 
1/091 
1/090 
1/089 
O88 
1/087 
1/086 
085 
1/084 
GND 
083 
082 
1/081 
1/080 
079 
VO78 
1/077 
O76 
I3/CLK3 
GND 
Voc 
12/CLK2 
VO75 
1/074 
073 
1/072 
071 
1/070 
1/069 
1/068 
GND 
1/067 
O66 
VO65 
1/064 
1/063 
062 
O61 
1/060 
TMS 
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013 
014 
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O17 
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GND 
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O26 
027 
1/028 
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030 
V/O31 
TCK 


Pin Designations 


CLK = Clock Vcc = Supply Voltage 3D 15 

GND = Ground TDI = Test Data In 

I = Input TCK = Test Clock Macrocell (0-15) 
YO = Input/Output TMS = Test Mode Select , PAL Block (A-D) 
NC = No Connect TDO = Test Data Out 


Segment (0-3) 
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160-Pin PQFP (320, 384, 512 Macrocells) 


CONNECTION DIAGRAM 


Top View 


MACH Families 
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MACH 5 Family 


CONNECTION DIAGRAM 


Top View 


TDI 
vOO 
01 
02 
O03 
104 
OS 
VO6 
07 
Vec 
GND 
O08 
VO9 
010 
vot 
VvO12 
013 
vO14 
O15 
GND 
O16 
O17 
O18 
VO19 
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GND 
11/CLK1 
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O22 
023 
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024 
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026 
027 
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033 
VO34 
VO35 
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Pin Designations 


208-Pin PQFP (192, 256 Macrocells) 
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TDO 
0119 
/O118 
0117 
VO116 
VO115 
0114 
0113 
0112 
Voc 
GND 
VO111 
0110 
V/O109 
70108 
1/0107 
0106 
VO105 
0104 
GND 
#0103 
0102 
V/O101 
0100 
I3/CLK3 
GND 
Voc 
I2/CLK2 
V/O99 
O98 
O97 
O96 
GND 
O95 
094 
O93 
092 
091 
V/O90 
O89 
O88 
GND 
Voc 
087 
VO86 
O85 
1/084 
083 
O82 
081 
yO80 
TMS 


CLK = Clock Vcc = Supply Voltage 3 D 15 

GND = Ground TDI = Test Data In 

I = Input TCK = Test Clock Macrocell (0-15) 

/O = Input/Output TMS = Test Mode Select PAL Block (A-D) 

NC = No Connect TDO = Test Data Out Segment (0-3) 
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CONNECTION DIAGRAM 


Top View 
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Pin Designations 
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208-Pin PQFP (320, 384, 512 Macrocells) 
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20446G-024 
Clock Vcc = Supply Voltage 7 D 15 
Ground TDI = Test Data In 
Input TCK = Test Clock Macrocell (0-15) 
Input/Output TMS = Test Mode Select PAL Block (A-D) 
No Connect TDO = Test Data Out 


Segment (0-7) 
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CONNECTION DIAGRAM 
Top View 
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Vo30 
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Pin Designations 


CLK = Clock 
GND = Ground 
I = Input 
YO = Input/Output 
NC = No Connect 


240-Pin PQFP 
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0118 
0117 
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8229 
7606 
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Supply Voltage 7 D 15 
Test Data In 


Test Clock 
Test Mode Select 
Test Data Out 


Macrocell (0-15) 
PAL Block (A-D) 
Segment (0-7) 
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CONNECTION DIAGRAM — M5(LV)-320, M5A3-320 


Bottom View (Macrocell Association) 
256-Pin BGA 
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ORDERING INFORMATION 
5V M5 AND M5A5 


Vantis standard products are available in several packages and operating ranges. The order number (Valid Combination) is formed 
by a combination of the elements below. 


M65- 512 /256 -7 A 


Cc 
FAMILY TYPE ee 2 i OPERATING CONDITIONS 


M5- = MACH 5 G-V Vcc) C = Commercial (0°C to +70°C) 
M5A5- = MACH 5AG-V Vcc) I. = Industrial (40°C to +85°C) 
MACROCELL DENSITY PACKAGE TYPE 

128 = 128 Macrocells Y = Plastic Quad Flat Pack (PQFP) 
192 = 192 Macrocells V_ = Thin Quad Flat Pack (TQFP) 
256 = 256 Macrocells A = Ball Grid Array (BGA) 

320 = 320 Macrocells H~ = Plastic Quad Flat Pack (PQFP) 


384 = 384 Macrocells . with exposed heat sink 
512 = 512 Macrocells 
I/Os SPEED 

/68 = 681/Os - = 5.5 ns tpp 

/74 = 741/Os -7 = 7.5 ns tpp 
/104 = 1041/Os -10 = 10 ns tpp 
/120 = 1201/Os -12 = 12 ns tpp 
/160 = 160 I/Os -15 = 15 ns tpp 
/184 = 1841/Os -20 = 20 ns tpp 


/192. = 192 1/Os 
/256 = 2561/Os 
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Valid Combinations 


[ver] 
(aew 


Commercial: 


MS: -7, -10, -12, -15 
M5AS: -5, -7, -10, -12 


Industrial. - 


M5: -10, -12, -15, -20 
MS5AS: -7, -10, -12, -15 


Device Marking 


Actual device marking differs from the ordering part number 
(OPN). “MACH 5” is marked on a device wherever “M5-” is 
used in the OPN. All MACH devices are dual-marked with both 
Commercial and Industrial grades. The Industrial grade is 


slower, i.e., MACH5-512/256-7AC-10AI. 


Commercial: 
710, 2215 


Industrial: 
-10, -12, -15, -20 


M5-512/256 


HC, HI 
Tac ar_| 
AC, AI 


Valid Combinations 


HC, HI 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local Vantis 
sales office to confirm availability of specific valid 
combinations and to check on newly released combinations. 
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ORDERING INFORMATION 
3.3V M5LV AND M5A3 


Vantis standard products are available in several packages and operating ranges. The order number (Valid Combination) is formed 


by a combination of the elements below. 
Cc 
LL OPERATING CONDITIONS 


C = Commercial (O°C to +70°C) 


MS5LV- 512 /256 -7 A 


FAMILY TYPE 
MS5LV- = MACH 5 Low Voltage (3.3-V Vcc) 


M5A3- = MACH 5A Low Voltage G.3-V Vcc) I = Industrial (-40°C to +85°C) 
MACROCELL DENSITY PACKAGE TYPE 
128 = 128 Macrocells Y = Plastic Quad Flat Pack (PQFP) 
192 = 192 Macrocells V = Thin Quad Flat Pack (TQFP) 
256 = 256 Macrocells A = Ball Grid Array (BGA) 
320 = 320 Macrocells H_ = Plastic Quad Flat Pack (PQFP) 


384 = 384 Macrocells with exposed heat sink 
512 = 512 Macrocells 


1/Os SPEED 

/68 = 681/Os | - =5.5 ns tpp 

/74 = 741V/Os -6 =6.5 nS tpp 
/104 = 104 I/Os -7 =7.5 ns tpp 
/120 = 120 I/Os -10 = 10ns tpp 
/160 = 160 I/Os -12 =12ns tpp 
/184 = 184 1/Os -15 = 15 ns tpp 
/192 = 192 1/Os -20 = 20 ns tpp 


/256 = 256 I/Os 
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Valid Combinations 


3 
M5A3: -5, -7, -10, -12 
Industrial: 
MSLV: -7, -10, -12, -15 
MSA3-256/68 | M5A3: -7, -10, -12, -15 


Commercial: 


M5A3-192/68 


_|M5A3-256/104 
M5A3-256/160 


Device Marking 


Actual device marking differs from the ordering part number 
(OPN). “MACH 5” is marked on a device wherever “M5-” is 
used in the OPN. All MACH devices are dual-marked with both 
Commercial and Industrial grades. The Industrial grade is 
slower, i.e., MACH5 LV-512/256-7AC-10AI. 


| Valid Combinations 


M5A3-512/256 


ac, | 


Commercial: 


MSLV: -7, -10, -12, -15 
MS5A3: -5, -6, -7, -10, -12 


Industrial: 


MSLV: -10, -12, -15, -20 
M5A3: -7, -10, -12, -15 


Valid Combinations 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local Vantis 
sales office to confirm availability of specific valid 
combinations and to check on newly released combinations. 
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MACH 1 and 2 CPLD Families 


| BEYOND PERFORMANCE High-Performance EE CMOS Programmable Logic 


FEATURES 


Se A a a 


o¢¢ 0 ¢ 


High-performance electrically-erasable CMOS PLD families 

32 to 128 macrocells 

44 to 100 pins in cost-effective PLCC, PQFP and TQFP packages 

SpeedLocking™ — guaranteed fixed timing up to 16 product terms 

Commercial 5/5.5/6/7.5/10/12/15-ns tpp and Industrial 7.5/10/12/14/18-ns tpp 

Configurable macrocells 

— Programmable polarity 

— Registered or combinatorial outputs 

— Internal and I/O feedback paths 

— D-type or T-type flip-flops 

— Output Enables 

— Choice of clocks for each flip-flop 

— Input registers for MACH 2 family 

JTAG (IEEE 1149.1)-compatible, 5-V in-system programming available 

Peripheral component interconnect (PCI) compliant at 5/5.5/6/7.5/10/12 ns 

Safe for mixed supply voltage system designs 

Bus-Friendly™ inputs and I/Os reduce risk of unwanted oscillatory outputs 

Programmable power-down mode results in power savings of up to 75% 

Supported by Vantis DesignDirect™ software for rapid logic development 

— Supports HDL design methodologies with results optimized for Vantis 

— Flexibility to adapt to user requirements 

— Software partnerships that ensure customer success 

Vantis and third-party hardware programming support 

— VantisPRO™ (formerly known as MACHPRO®) software for in-system programmability 
support on PCs and Automated Test Equipment 

— Programming support on all major programmers including Data I/O, BP Microsystems, Advin, 
and System General 
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Table 1. MACH 1 and 2 Family Device Features ' 
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GENERAL DESCRIPTION 


The MACH® 1 & 2 families from Vantis offer high-performance, low cost Complex.Programmable 
Logic Devices (CPLDs), addressing the growing need for speed in networking, telecommunications 
and computing. MACH 1 & 2 devices are available in speeds as fast as 5.0-ns tpp and in densities 
ranging from 32 to 128 macrocells (Tables 1 and 2). The overall benefits for users include 
guaranteed high performance for entry-to-mid-level logic needs at a low cost. 


Table 2. MACH 1 and 2 Family Speed Grades! 


a 
i 
Ce 


‘p) 


Notes: 
1. C= Commercial, I = Industrial 


2. -5 speed grade for MACH111 (SP) = 5.0 ns tpp 
3. -5 speed grade for MACH131(SP) = 5.5 ns tpp 


The MACH 1 & 2 families consist of ten devices—five base options, each with a counterpart that 
includes JTAG-compatible in-system programming (ISP). These devices offer five different density- 
I/O combinations in Thin Quad Flat Pack (CTQFP), Plastic Quad Flat Pack (PQFP), and Plastic 
Leaded Chip Carrier (PLCC) packages from 44 to 100 pins (Table 3). Each MACH 1 & 2 device is 
PCI compliant and includes other features such as SpeedLocking architecture for guaranteed fixed 
timing, Bus-Friendly inputs and I/Os, and programmable power-down mode for extra power 
savings. 


128 MACH 1 & 2 Families 


Table 3. MACH 1 and 2 Family Package and I/O Options 
44-pin PLCC | 44-pinTQFP | 68-pinPLCC | 84-pin PLCC 100-pin TQFP 
x a aed 


X 
X 


X X 


Note: 

1. TheMACH110, MACH120, MACH130, MACH210, MACHIV210, MACH215, MACH220 and MACH230 are not listed above and 
not recommended for new designs. However, they are still supported by Vantis. For technical or sales support, please call your 
local Vantis sales office or visit our Web site at www.vantis.com for more information. 


Vantis offers software design support for MACH devices in both the MACHXL® and DesignDirect 
development systems. The DesignDirect development system is the Vantis implementation 
software that includes support for all Vantis CPLD, FPGA, and SPLD devices. This system is 
supported under Windows 95, ’98 and NT as well as Sun Solaris and HPUX. 


DesignDirect software is designed for use with design entry, simulation and verification software 
from leading-edge tool vendors such as Cadence, Exemplar Logic, Mentor Graphics, Model 
Technology, Synopsys, Synplicity, Viewlogic and others. It accepts EDIF 2 0 0 input netlists, 
generates JEDEC files for Vantis PLDs and creates industry-standard EDIF, Verilog, VITAL compliant 
VHDL and SDF simulation netlists for design verification. 


DesignDirect software is also available in product configurations that include VHDL and Verilog 
synthesis from Exemplar Logic and VHDL, Verilog RTL and gate level timing simulation from Model 


Technology. Schematic capture and ABEL entry, as well as functional simulation, are also provided. 
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FUNCTIONAL DESCRIPTION 


Each MACH 1 and 2 device consists of multiple, optimized PAL® blocks interconnected by a switch 
matrix. The switch matrix allows communication between PAL blocks, and routes inputs to the PAL 
blocks. Together, the PAL blocks and switch matrix allow the logic designer to create large designs 
in a single device instead of using multiple devices. 


Clock/Input Pins 


ete 


I 
t 
tput t 
= } vo cers | Cells kK | 1/0 Pins 
Array and ! 
’ Allocator 
cece | 


vorins KS PAL Block | macrooels a Pet Blonk 
| Buried Macrocell Feedback § : 
"Output Macrocell Feedback 
; V0 Pin Feedback 
: 
e 5 e 
- ~ ~ - 
14051K-002 
Note: Dedicated Input Pins 
1. There are no buried macrocells in MACH 1 devices. All macrocells are output macrocells. 

Device PAL Blocks Macrocells per Block I/Os per Block Product Terms per Block 
MACH111(SP) 2 16 16 70 
MACH131(SP) 4 16 16 70 
MACH211(SP) 4 16 8 68 
MACH221(SP) 8 . 12 6 52 
MACH231(SP) 8 16 8 68 


Figure 1. Overall Architecture of MACH 1 & 2 Devices 


The switch matrix takes all dedicated inputs and signals from the input switch matrices and routes 
them as needed to the PAL blocks. Feedback signals that return to the same PAL block still must 
go through the switch matrix. This mechanism ensures that PAL blocks in MACH devices 
communicate with each other with guaranteed fixed timing (SpeedLocking). 


The switch matrix makes a MACH device more advanced than simply several PAL devices on a 
single chip. It allows the designer to think of the device not as a collection of blocks, but as a 
single programmable device; the software partitions the design into PAL blocks through the 

~ central switch matrix so that the designer does not have to be concerned with the internal 
architecture of the device. 
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Each PAL block consists of the following elements: 


@ Product-term array 
@ Logic Allocator 

@ Macrocells 

@ I/O cells 


Each PAL block additionally contains an asynchronous reset product term and an asynchronous 
preset product term. This allows the flip-flops within a single PAL block to be initialized as a bank. 
There are also output enable product terms that provide tri-state control for the I/O cells. 


Product-Term Array 
The product-term array consists of a number of product terms that form the basis of the logic being 


implemented. The inputs to the AND gates come from the switch matrix (Table 4), and are 
provided in both true and complement forms for efficient logic implementation. 


Because the number of product terms available for a given function is not fixed, the full sum of 
products is not realized in the array. The product terms drive the logic allocator, which allocates 
the appropriate number of product terms to generate the function. 


Table 4. PAL Block Inputs 


| Device Number of Inputs to PAL Block 
2 


MACH211SP 


MACH231SP 


Logic Allocator 


The logic allocator (Figure 2) is a block within which different product terms are allocated to the 
appropriate macrocells in groups of four product terms called “product term clusters”. The 
availability and distribution of product term clusters is automatically considered by the software as 
it fits functions within the PAL block. The size of the product term clusters has been designed to 
provide high utilization of product terms. Complex functions using many product terms are 
possible, and when few product terms are used, there will be a minimal number of unused, or 
wasted, product terms left over. 


The product term clusters do not “wrap” around the logic block. This means that the macrocells 
at the ends of the block have fewer product terms available (Tables 5, 6, 7, 8). 
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Fiqure 2. Product Term Clusters and the Logic Allocator 


Table 5. Logic Allocation for MACH111(SP) 


Output Macrocell Available Clusters | Output Macrocell Available Clusters 
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| Table 6. Logic Allocation for MACH131(SP) 
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ant asegeo 7. Logic Allocation for MACH211(SP) and ES 


Available Clusters Available Clusters 


ee ae 
M, Co, Cj, C2, C, Cg, Co, Cy9, Cry 
M, Cp, Cz, C4, Cs Cio, Cy, Gyo, C13 z 
Ms C4, Cs, Cg, Co Cyp, Cy3, Cy4, Cys 2. 
M7 C6, C7, Cg, Cy C14, C15 = 
ro 
Ma) 


Table 8. Logic Allocation for eee eat 


Co, Cy, C,, C, ; Ce, C,, Cg, Cy 
Macrocell 


CG, Cg, Co, eT 
Cg, Cg, C9; Cyy 


Co, Cy, Cyy 
Cy, yy 


There are two fundamental types of macrocell: the output macrocell and the buried macrocell. The 
buried macrocell is only found in MACH 2 devices. The use of buried macrocells effectively 
doubles the number of macrocells available without increasing the pin count. 


Both macrocell types can generate registered or combinatorial outputs. For the MACH 2 series, 
a transparent-low latch configuration is provided. If the register is used, it can be configured as 
a T-type or a D-type flip-flop. Register and latch functionality is defined in Table 9. 
Programmable polarity Gor output macrocells) and the T-type flip-flop both give the software a 
way to minimize the number of product terms needed. These choices can be made automatically 
by the software when it fits the design into the device. 


Table 9. a tele Operation 
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The output macrocell (Figure 3) sends its output back to the switch matrix, via internal feedback, 
and to the I/O cell. The feedback is always available regardless of the configuration of the I/O cell. 
This allows for buried combinatorial or registered functions, freeing up the I/O pins for use as 

inputs if not needed as outputs. The basic output macrocell configurations are shown in Figure 4. 


The buried macrocell (Figure 5) does not send its output to an I/O cell. The output of a buried 
macrocell is provided only as an internal feedback signal which feeds the switch matrix. This 
allows the designer to generate additional logic without requiring additional pins. The buried 
macrocell can also be used to register or latch inputs. The input register is a D-type flip-flop; the 
input latch is a transparent-low D-type latch. Once configured as a registered or latched input, the 
buried macrocell cannot generate logic from the product-term array. The basic buried macrocell 
configurations are shown in Figure 6. 


PAL-Block 
Asynchronous i) 
Preset ; 
Sum of Products & To I/O 
from Logic D/T/L' Q Cell 
Allocator 
CLKo ~ 
CLK, : a PAR 7 + 
PAL-Block = 
Asynchronous es 
Reset To 
Switch 
Matrix 14051K-004 


Note: 
1. Latch option available on MACH 2 devices only. 


Figure 3. Output Macrocell 
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14051K-005 


Figure 4. Output Macrocell Configurations 
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Figure 5. Buried Macrocell (MACH 2 only) 
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e. Latch 


To Switch 
Matrix 


b. D-type register 


CLKg 
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d. Input register 
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CLKg 


CLK, 
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Matrix 


f. Input latch 


14051K-006 


Figure 6. Buried Macrocell Configurations (MACH 2 only) 
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The flip-flops in either macrocell type can be clocked by one of several clock pins (Table 10). 
Registers are clocked on the rising edge of the clock input. Latches hold their data when the gate 
input is HIGH. Clock pins are also available as inputs, although care must be taken when a signal 
acts as both clock and input to the same device. 


Table 10. Macrocell Clocks 


Number of Clocks Available 


MACH211SP 2 


All flip-flops have asynchronous reset and preset. This is controlled by the common product terms 
that control all flip-flops within a PAL block. For a single PAL block, all flip-flops, whether in an 
output or a buried macrocell, are initialized together. The initialization functionality of the flip-flops 
is illustrated in Table 11. 
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Table 11. Asynchronous Reset/Preset Operation 


CLKILE 
See Table 9 


X 
Register 


See Table 9 


The I/O cells (Figure 7) provide a three-state output buffer. The three-state buffer can be left 
permanently enabled for use only as an output, permanently disabled for use as an input, or it can 
be controlled by one of two product terms for bi-directional signals and bus connections. The two 
product terms provided are common to a bank of I/O cells. 


1/O Cells 
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Output Enable 
Product Terms 
(Common to bank of 
I/O Cells) 


From Output 


Macrocell 
To Switch 
Matrix 
To Buried 
Macrocell 
(MACH 2 only) 14051K-007 


. Figure 7. I/O Cell 
SPEEDLOCKING FOR GUARANTEED FIXED TIMING 


The unique MACH 1 & 2 architecture is designed for high performance—a metric that is met in 
both raw speed, and even more importantly, guaranteed fixed speed. The design of the switch 
matrix and PAL blocks guarantee a fixed pin-to-pin delay that is independent of the logic required 
by the design. Other non-Vantis CPLDs incur serious timing delays as product terms expand 
beyond their typical 4 or 5 product term limits (Figure 8). Speed and SpeedLocking combine to 
give designers easy access to the performance required in today’s designs. 


MACH 1 & 2 SpeedLocking Non-MACH 


¢ Patented Architecture - | ¢ Variable 
e Path Independent e Path Dependent 


¢ Logic/Routing Independent ¢ Logic/Routing Dependent Delays 
¢ Guaranteed Fixed Timing ¢ Unpredictable 
e Up to 16 Product Terms per Output e 4-5 Product Terms before Delays 


SpeedLocking 


Shared Expander Delay fa aide 


88s Non-MACH 


Parallel Expander Delay _:7.4ns 
6.6 ns 


zene MACH 1 & 2 


5 PT 10 PT 15 PT 


14051K-001 
Product Terms zy 


Figure 8. Timing in MACH 1 & 2 vs. Non-MACH Devices 
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JTAG IN-SYSTEM PROGRAMMING 


Programming devices in-system provides a number of significant benefits including: rapid 
prototyping, lower inventory levels, higher quality, and the ability to make in-field modifications. 
All MACHxxxSP devices provide in-system programming (ISP) capability through their JTAG ports. 
This capability has been implemented in a manner that insures that the JTAG port remains 
compliant to the IEEE 1149.1 standard. By using JTAG as the communication interface through 
which ISP is achieved, customers benefit from a standard, well-defined interface. 


MACHxxxSP devices can be programmed across the commercial temperature and voltage range. 
These devices tristate the outputs during programming. Vantis provides its free PC-based 
VantisPRO software to facilitate in-system programming. VantisPRO software takes the JEDEC file 
output produced by Vantis’ design implementation software, along with information about the 
JTAG chain, and creates a set of vectors that are used to drive the JTAG chain. VantisPRO software 
can use these vectors to drive a JTAG chain via the parallel port of a PC. Alternatively, VantisPRO 
software can output files in formats understood by common automated test equipment. This 
equipment can then be used to program MACHxxxSP devices during the testing of a circuit board. 
For more information about in-system programming, refer to the separate document entitled 
MACH ISP Manual. 


BUS-FRIENDLY INPUTS AND I/Os 


The MACH 1 & 2 inputs and I/Os include two inverters in series which loop back to the input. 
This double inversion weakly holds the input at its last driven logic state. For the circuit diagram, 
please refer to the Input/Output Equivalent Schematics (page 393) in the General Information 
Section of the Vantis 1999 Data Book. 


PCi COMPLIANT 


The MACH 1 & 2 families in -5/-6/-7/-10/-12 speed grades are fully compliant with the PCT Local 
Bus Specification published by the PCI Special Interest Group. The MACH 1 & 2 families’ 
predictable timing ensures compliance with the PCI AC specifications independent of the design. 


POWER-DOWN MODE 


The MACH 1 & 2 families feature a programmable low-power mode in which individual signal 
paths can be programmed for low power. These low-power speed paths will be slower than the 
non-low-power paths. This feature allows speed critical paths to run at maximum frequency while 
the rest of the paths operate in the low-power mode, resulting in power savings of up to 75%. If 
all of the signals in a PAL block are in low-power mode, then the total power is reduced even 
further. 


SAFE FOR MIXED SUPPLY VOLTAGE SYSTEM DESIGNS 


All MACHxxxSP and most of the MACH 1 & 2 devices are safe for mixed supply voltage system 
designs. These 5-V devices will not overdrive 3.3-V devices above the output voltage of 3.3 V, 
while they can accept inputs from other 3.3-V devices. The MACH 1 & 2 families provide easy-to- 
use mixed-voltage design compatibility. For more information, refer to the Technical Note entitled 
Mixed Supply Design with MACH 1 & 2 SP Devices. 


POWER-UP RESET 


All flip-flops power-up to a logic LOW for predictable system initialization. The actual values of 
the outputs of the MACH devices will depend on the configuration of the macrocell. To guarantee 
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initialization values, the Vcc rise must be monotonic and the clock must be inactive until the reset 
delay time has elapsed. 


SECURITY BIT 


A security bit is provided on the MACH devices as a deterrent to unauthorized copying of the array 
configuration patterns. Once programmed, this bit defeats readback of the programmed pattern by 
a device programmer, securing proprietary designs from competitors. Programming and 
verification are also defeated by the security bit. The bit can only be reset by erasing the entire 
device. 
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MACH111(SP) AND MACH131(SP) PAL BLOCK 
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MACH211(SP) PAL BLOCK 
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MACH221(SP) PAL BLOCK 
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MACH231(SP) PAL BLOCK 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 

Storage Temperature.............. -65°C to +150°C Commercial (C) Devices 

ree Temp ee S | : 7 Ambient Temperature (T,) 

MLE OWEESDD ice i aa a So “9S°C to 125°C Operating in Free Air............... O°C to +70°C 
Device Junction Temperature ............. +150°C Supply Voltage (Vc) 

Supply Voltage with with Respect to Ground. ........ +4.75 V to +5.25 V 
Respect to Ground ............... “0.5 V to +7.0 V Operating ranges define those limits between which the func- 
DC Input Voltage ............ -0.5 V to Vcc +0.5 V tionality of the device is guaranteed. 

DC Output or I/O Pin Voltage . . -0.5 V to Vcc +0.5 V Industrial (1) Devices 

Static Dischar ge Voltage PT eee ee ee ee ee 2001 V Ambient Temperature (T ‘\) 

Latchup Current (T, = -40°C to +85°C)....... 200 mA Operating in Free Ait. ssi eee ee -40°C to +85°C 
Stresses above those listed under Absolute Maximum Ratings Supply Voltage (Vcc) 

may cause permanent device failure. Functionality at or above with Respect to Ground. .......... +45 Vtot5.5V 


these limits is not implied. Exposure to Absolute Maximum Rat- 


Operating ranges define those limits between which the 
ings for extended periods may affect device reliability. 


functionality of the device is guaranteed. 


DC CHARACTERISTICS OVER OPERATING RANGES 


Parameter 
Symbol Parameter Description Test Description Typ 


Output HIGH Voltage 
Output LOW Voltage Io, = 16 mA, Voc = Min, Vyy = Vyq OF Vp, (Note 2) az wes 


Input HIGH Voltage oe Input Logical HIGH Voltage for all Inputs : 
Input LOW Voltage ems Input Logical LOW Voltage for all Inputs ‘Fi 


—_ pe 
I __| Input HIGH Leakage Current Vin = 5.25 V, V Vog = Max (Note 4) i. ood 
aa 
ee ae ee oe 


Vou 


< 


Off-State Output Leakage Current HIGH | Voyy = 5.25 V, Voc = Max, Vy = Viq or Vy, (Note 4) 
Off-State Output Leakage Current LOW | Vopr = 0 V, Vcc = Max, Vy = Vyq oF Viz, (Note 4) 
Output Short-Circuit Current Vout = 9.5 V Vcc = Max (Note 5) se 6), 

Notes: 

1. This applies to MACH111SP, MACH131SP, and die code “B” or later for MACH211(SP) and MACH231(SP). This does not apply 

to MACH111, MACH131, MACH221(SP), and die code “A” for MACH211(SP) and MACH231(SP). 

Total Ip, for one PAL block should not exceed 64 mA. 


2 
3. These are absolute values with respect to device ground, and all overshoots due to system and/or tester noise are included. 
4. I/O pin leakage is the worst case of Ij; and Ipz,, (or Ippz and Ipzzp. 

5 


. Not more than one output should be shorted at a time. Duration of the short-circuit should not exceed one second. 
Vout = 0.5 V bas been chosen to avoid test problems caused by tester ground degradation. 


6. For commercial temperature range only. 
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MACH111 AND MACH111SP 
SWITCHING CHARACTERISTICS OVER OPERATING RANGES! 
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Parameter fer Wee 
Symbol Parameter Description | Max | Min 

ty | Input, I/O, or Feedback to Combinatorial Output 


Setup Time from Input, 1/0, or Feedback 3.5 
6.5 


to Clock 
Register Data Hold Time 
Clock to Output 
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Clock Width , 
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Frequency | Internal Feedback (foyy) = 
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ynchronous Reset Width (Note 2) 
Asynchronous Reset Recovery Time (Note 2) 
Asynchronous Preset to Registered Output 
Asynchronous Preset Width (Note 2) 
Asynchronous Preset Recovery Time (Note 2) 
Input, I/O, or Feedback to Output Enable 
Input, I/O, or Feedback to Output Disable 


Ww 
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tpp Increase for Powered-down Macrocell (Note 3 


Increase for Powered-down Macrocell (Note 3) 
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o Increase for Powered-down Macrocell (Note 
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or | oS a] a 
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tz, Increase for Powered-down Macrocell (Note 


{PEA 
Notes: 
1. See “Switching Test Circuit” in the General Information Section of the Vantis 1999 Data Book. 


2. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified where 
this parameter may be affected. 


3. Ifa signal is powered-down, this parameter must be added to its respective high-speed parameter. 
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MACH131 AND MACH131SP 
SWITCHING CHARACTERISTICS OVER OPERATING RANGES! 


Parameter Description 


Input, I/O, or Feedback to Combinatorial Output 


D-type 
Setup Time from Input, I/O, or Feedback Dae 
Portman 


Hold Time | 
Clock to Output 
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Notes: 


1. See “Switching Test Circuit” in the General Information Section of the Vantis 1999 Data Book.. 


2. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified where 
this parameter may be affected. 


3. Ifa signal is powered down, this parameter must be added to its respective high-speed parameter. 


152 . MACH 1 & 2 Families 


MACH211 AND MACH211SP 


MACH Families 
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(note 4) 


No Feedback | 1/(tyy, + tw) 


Parameter Description 
Setup Time from Input, I/O, or Feedback to Gate 
Input Latch Gate to Output Through Transparent 
Output Latch 
Setup Time from Input, 1/0, or Feedback Through 


Input, I/O, or Feedback to Output Through 
Transparent Input Latch to Output Latch Gate 


Transparent Input or Output Latch 
Input Latch Gate to Combinatorial Output 


Input, I/O, or Feedback to Output Through 


Transparent Input and Output Latches 


Input Register 
Clock Width 
1/(twict, + twice) 


Maximum Input Register 


Input Register Clock to Combinatorial Output 
Frequency 


Input Register Clock to Output Register 
Setup 


Input, I/O, or Feedback to Combinatorial 
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Setup Time from Input, I/O, or Feedback 


to Clock 
Frequency | Internal Feedback (foyy) 


Register Data Hold Time 

Latch Data Hold Time 

Gate Width LOW 

Input Register Setup Time 

Input Register Hold Time 

Input Latch Setup Time 

Input Latch Hold Time 

Input Latch Gate to Output Latch Setup 
Input Latch Gate Width LOW 


Clock to Output 
Clock Width 
Gate to Output 


SWITCHING CHARACTERISTICS OVER OPERATING RANGES" 
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MACH211 AND MACH211SP (CONTINUED) 
SWITCHING CHARACTERISTICS OVER OPERATING RANGES! 
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Symbol Parameter Description 
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Notes: 


1. See “Switching Test Circuit” in the General Information Section of the Vantis 1999 Data Book. 


2. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified where 
this parameter may be affected. 


3. Ifa signal is powered-down, this parameter must be added to tts respective high-speed parameter. 
4, MACH211 tcg = 7 ns. MACH211SP tcp = 7.5 ns. 

5. MACH211, commercial on = 7 Ns. 

6. The faster -18 tco, tppp tico, apply to MACH211 only, not MACH211SP. 
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MACH221 and MACH221SP 
SWITCHING CHARACTERISTICS OVER OPERATING RANGES! 
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Latch Data Hold Time 
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Input Latch Gate to Combinatorial Output 
Input Latch Gate to Output Through Transparent Output 
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Asynchronous Reset to Registered or Latched Output 
Asynchronous Reset Width (Note 3) 
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MACH221 and MACH221SP (CONTINUED) 
SWITCHING CHARACTERISTICS OVER OPERATING RANGES’ 
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Notes: 


Le, 
2. 
3. 


4. 


See “Switching Test Circuits” in the General Information section of the Vantis 1999 Data Book. 
MACH221 tgo = 7 ns. MACH221SP tcp = 8 ns. 


These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified where 
this parameter may be affected. 


If a signal is powered-down, this parameter must be added to its respective high-speed parameter. 
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MACH231 AND MACH231SP 


MACH Families 
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MACH 1 & 2 Families 


MACH231 AND MACH231SP (CONTINUED) 
SWITCHING CHARACTERISTICS OVER OPERATING RANGES" 


ee eae oe 


Input Latch Gate Width LOW 

| Input, 1/0, or Feedback to Output Through 

Transparent Input and Output Latches ue MO y - y 25 
pe fem fod fel od Pl dod fel Tl 


Asynchronous Reset Width (Note 2) P| as. 5] | 


Asynchronous Reset Recovery Time 
(Note 2) 


Asynchronous Preset to Registered or Latched 
Output 


tapw 


fe od Input, I/O, or Feedback to Output Enable 
i Input, 1/0, or Feedback to Output Disable 
i... tpp Increase for Powered-down Macrocell (Note 3) 


ts Increase for Powered-down Macrocell (Note 3) 


tco Increase for Powered-down Macrocell (Note 3) 
tz, Increase for Powered-down Macrocell (Note 3) 
Notes: 


1. See “Switching Test Circuit” in the General Information section of the Vantis 1999 Data Book. 


2. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified where 
this parameter may be affected. 


3. Ifa signal is powered-down, this parameter must be added to its respective high-speed parameter. 


CAPACITANCE * 


Parameter Symbol Parameter Description Test Conditions Re Oe 


Note: 
1. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified where 
these parameters may be affected. 
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lec VS. FREQU ENCY 


These curves represent the typical power consumption for a particular device at system frequency. 
The selected “typical” pattern is a 16-bit up-down counter. This pattern fills the device and 


exercises every macrocell. Maximum frequency shown uses internal feedback and a D-type 
register. 
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Table 12. lec 
Parameter . | 
Parameter Symbol Description Test Description 


Voc = 5V, 
T, = 25°C, 
f = 0 MHz 
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40 | 
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Supply Current (Static) 


135 


Supply Current (Active) 


mA 
| 8 
| 100 
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CONNECTION DIAGRAM (MACH111-5/7/10/12/15 AND 
MACH111SP-5/7/10/12/15) | 


Top View 
44-Pin PLCC 
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> 
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bal 
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eV) 
O05 027 =. 
1/06 1/026 © 
1/O7 1/025 
(TDI) 10 1/024 
(CLK 0/10) CLKO/I1 CLK3/I5 (TDO) 
(TCK) CLK1/2 CLK2/I4 (CLK 1/11) 
1/08 13 (TMS) 
/O9 1/023 
1/010 1/022 
1/011 1/021 
14051K-018 


PIN DESIGNATIONS | 


CLK/I = Clock or Input TDI = Test Data In 
GND = Ground TCK = Test Clock 

I = Input TMS = Test Mode Select 
I/O = Input/Output TDO = Test Data Out 
Vcc = Supply Voltage 

Note: 


1. Pin designators in parentheses () apply to the MACH111SP 
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CONNECTION DIAGRAM (MACH111-5/7/10/12/15 AND 
MACH111SP-5/7/10/12/15) 
Top View 

44-Pin TQFP 


37 |[=r— 1/031 
36 | [= 1/030 
35 | _1._ 1/029 
34 | F=T™ 1/028 
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(CLK 0/10) CLKO/I1 CT 


(TCK) CLK1/A2 C= PT CLK2/I4 (CLK 1/11) 
/O8 C—1T— [T1113 (TMS) 
/O9 C-1T— PT) 1/023 
/010 (LT PT) 1/022 
/O11 (1 P11 1/021 
ee A A 
AE a eee 
NMTNOAOKR ODS 
8899SFQS990 
14051K-019 
PIN DESIGNATIONS 
CLK/I = Clock or Input TDI = Test Data In 
GND = Ground TCK = Test Clock 
I = Input TMS = Test Mode Select 
YO = Input/Output TDO = Test Data Out 


Vcc = Supply Voltage 


Note: 
1. Pin designators in parentheses () apply to the MACH111SP 
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CONNECTION DIAGRAM (MACH131-5/7/10/12/15) 


Top View 
84-Pin PLCC 


Block A Block D 
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Block B Block C 14051K-020 


PIN DESIGNATIONS 


CLK/I = Clock or Input 
GND = Ground 


I = Input 
YO = Input/Output 
Vcc = Supply Voltage 
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CONNECTION DIAGRAM (MACH131SP-5/7/10/12/15) 
Top View 


100-Pin PQFP 
Block A 


oO 
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Block B 
PIN DESIGNATIONS 
CLK/I = Clock or Input TDI = 
GND = Ground | TCK = 
I = Input TMS = 
VO = Input/Output TDO = 
Vcc = Supply Voltage 
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Block D 


Block C 


Test Data In 

Test Clock 

Test Mode Select 
Test Data Out 


14051K-021 


CONNECTION DIAGRAM (MACH131SP-5/7/10/12/15) 


Top View 
100-Pin TQFP 


Block A Block D 
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Block B Block C 14051K-022 


PIN DESIGNATIONS 


CLK/I = Clock or Input TDI = Test Data In 
GND = Ground TCK = Test Clock 

I = Input TMS = Test Mode Select 
YO = Input/Output TDO = Test Data Out 
Vcc = Supply Voltage 
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or 


CONNECT ION DIAGRAM (MACH211-7/10/12/ 1 5 AND MACH211SP-6/7/10/12/15) 
Top View 


44-Pin PLCC 


Block A Block D 


1/05 1/027 
1/06 1/026 
O07 1/025 
(TDI) Io 1/024 
(CLK 0/10) CLKO/I1 CLK3/I5 (TDO) 
GND GND 
(TCK) CLK1/12 CLK2/l4 (CLK 1/I1) 

O08 I3 (TMS) 
/O9 1/023 
1/010 1/022 
O11 . 1/021 


Biock B Block C 
PIN DESIGNATIONS 
CLK/I = Clock or Input TDI = Test Data In 
GND = Ground TCK = Test Clock 
I = Input TMS = Test Mode Select 
YO = Input/Output | TDO = Test Data Out 
Vcc = Supply Voltage 
Note: 


1. Pin designators in parentheses () apply to the MACH211SP 


166 


MACH 1 & 2 Families 


14051K-023 


VY 


CONNECTION DIAGRAM (MACH211-7/10/12/15 AND MACH211SP-6/7/10/12/15) 


Top View 


Block A 


/O5 (LT 
1/06 C_T— 
VO7 Ea 
(TDI) lO CT 

(CLK 0/10) CLKO/I1 C1 
GND C_I_ 

(TCK) CLK1/A2 C1 
/O8 (Lt 
//O9 [lL 
(010 CT 
1/011 CC 


Block B 


PIN DESIGNATIONS 


CLK/I = Clock or Input 
GND = Ground 

I = Input 

YO = Input/Output 
Vcc = Supply Voltage 
Note: 


44-Pin TQFP 


Block D 


TT) 1/030 
1) 1/029 
TT) 028 


rT 1/031 
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13 
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22 


1/012 CT 
1/013 (D4 
014 Ct 
015 (_L 4 
Voc [TS 
GND CL 
/016 CT 
/017 
/018 (Lt 
/019 (LT 
/020 CL 


1. Pin designators in parentheses () apply to the MACH211SP 


Block C 14051K-024 
TDI = Test Data In 
TCK = Test Clock 
TMS = Test Mode Select 
TDO = Test Data Out 
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CONNECTION DIAGRAM (MACH221-7/10/12/15) 


Top View 
68-Pin PLCC 


Block A Block H 
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Block D Block E 14051K-025 


PIN DESIGNATIONS 


CLK/I = Clock or Input 
GND = Ground 

I = Input 

YO = Input/Output 
Vcc = Supply Voltage 
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CONNECTION DIAGRAM (MACH221SP-7/10/12/15) 
Top View 


100-Pin PQFP 


Block A 


Block C 


Block D Block E 
PIN DESIGNATIONS 
I/CLK = Input or Clock TDI = Test Data In 
GND = Ground TCK = Test Clock 
I = Input TMS = Test Mode Select 
YO = Input/Output TDO = Test Data Out 
Vcc = Supply Voltage 
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Block G 


Block F 


14051K-026 
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CONNECTION DIAGRAM (MACH231-6/7/10/12/15) 
Top View 
84-Pin PLCC 


Block A Block H 


/08 : - 74 11 GND 


VO9 73 []V/055 
| O10 72 F054 
=<} Wot 71[]V053 | 6 
8} vor 70}}VO52 | x 
a! 1013 | 69f]/051 | 
014 68/050 | a 
O15 67 1/049 
CLKo/Io 66 [] /048 
Vcc | 65 [] CLK3/14 
GND 64 [] GND 
CLK4/ly 631] Vcc 
1/016 62 [] CLKo/l3 
1/017 6117 1/047 
| 018 60 f] 1/046 
«| Vo19 sofjvo4s |. 
8] 020 58/044 | x 
ma) 1/021 5711043 | © 
1/022 | 567] /042 | 2 
1/023 551] 1/041 
GND 541] 1/040 
34 738 39 40414243 444546 4748 49 
II LILI LILI LS LL Bie eine _ 
TUOORODSOrNOQOODON MO Woon ©OKnDA 
§8888888°S388 88 888882 
ree ae ee 
Block D Block E 14051K-027 


PIN DESIGNATIONS 


CLK/I = Clock or Input 
GND = Ground 

I = Input 

/O- = Input/Output 
Vcc = Supply Voltage 
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CONNECTION DIAGRAM (MACH231SP-10/12/15) 
Top View 


100-Pin PQFP 


Block B 


Block C 


PIN DESIGNATIONS 


1/CLK 
GND 


Input or Clock TDI = Test Data In 
Ground : TCK = Test Clock 

Input TMS = Test Mode Select 
Input/Output TDO = Test Data Out 
Supply Voltage 


MACH 1 & 2 Families 


Block G 


Block F 


14051K-028 
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CONNECTION DIAGRAM (MACH231SP-10/12/15) 


Top View 
100-Pin TQFP 
Block A Block H 
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Block D Block E 


PIN DESIGNATIONS 


CLK/I = Clock or Input TDI = Test Data In 
GND = Ground TCK = Test Clock 

I = Input TMS = Test Mode Select 
YO = Input/Output TDO = Test Data Out 
Vcc = Supply Voltage 3 
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ORDERING INFORMATION 


Vantis programmable logic products are available with several ordering options. The order number (Valid Combination) is formed 
by a combination of: 


MACH 131 SP -5 Y C 


PROGRAMMING DESIGNATOR 
Blank = Initial Algorithm 
/1 = First Revision 


FAMILY TYPE 
MACH = Macro Array CMOS High-Density 


MACROCELL DENSITY 
111 = 32 Macrocells, 32 I/Os 
131 = 64 Macrocells, 64 I/Os 
211 = 64 Macrocells, 32 I/Os 


OPERATING CONDITIONS 
C = Commercial (O0°C to +70°C) 
I Industrial (-40°C to +85°C) 
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PACKAGE TYPE 


221 = 96 Macrocells, 48 I/Os 
231 = 128 Macrocells, 64 I/Os J = Plastic Leaded Chip Carrier 
(PLCC) 
PRODUCT DESIGNATION V_ = Thin Quad Flat Pack (TQFP) 
SP = JTAG-compatible, In-system Programmable Y = Plastic Quad Flat Pack (PQFP) 
SPEED 


-5 = 5.0 or 5.5 ns tpp 
-6 = 6.0 ns tpp 
-7 =7.5ns tpp 


-10 =10ns tpp 
-12 =12ns tpp 
-14 =14ns tpp 
-15 =15ns tpp 
-18 =18ns tpp 


Valid Combinations —- Industrial 


MACH131SP 


6-7, MACH211SP 


Valid Combinations 


6, -7 


The Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local Vantis 
sales office to confirm availability of specific valid 
combinations and to check on newly released combinations. 


Note: 
1. All MACH devices are dual-marked with both Commercial and Industrial grades. The Industrial grade ts slower, i.e. 
MACH131SP-5YC-7YI 
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VF1 FPGA Family 


| BEYOND PERFORMANCE 


FEATURES AND BENEFITS 


Sd 


Publication# VF1003-DS-1 
Amendment/0 Issue Date: November 1998 


The industry’s first Variable-Grain-Architecture™ enables high-density, high-performance 
designs for a wide range of applications 


— Architecture adapts to logic to enable synthesis-friendly, high-performance designs 

— From three to six parallel inputs with all possible input combinations decoded in a single level 
of high-speed logic 

— Up to 32 parallel input functions with a subset of input combinations decoded in only two 
logic levels 

— Available in four sizes with 12K, 20K, 25K, and 36K gates 

Variable-Length-Interconnect™ delivers predictable performance and First-Time-Fit™ layouts 

— High-speed direct connectivity minimizes connection lengths for maximum performance 

— Variable-length connections span from two logic blocks to the entire chip, including I/Os 

— Result is optimal length resource for every net 

Flexible on-chip clocking options deliver up to 250MHz performance 

— Four low-skew global clocks minimize clock variations within the chip 

— Two on-chip phase-locked loops (PLLS) synchronize on-chip clocks with the system clock 

— PLLs provide 1x, 2x, and 3x frequency multiplication for on-chip clock synthesis 

— Clocks generated on-chip may be used as global clocks 


Vantis’ hierarchical design methodology and DesignDirect™ software provide Ease-of- 

Success™ and First-Time-Fit 

— DesignDirect software supports Verilog and VHDL hardware description languages (HDLs) for 
design flexibility 

— er easily with a variety of third-party front-end design entry, simulation, and synthesis 
tools 

— Easy-to-learn mapping and layout software coupled with fast run times and superior quality 
of results contribute to maximum productivity 

— Vantis design software ensures First-Time-Fit results by examining a design prior to the place- 
and-route phase and determining whether or not it will fit into the chosen VF1™ FPGA 


Pin-locking feature ensures that I/O pin assignments will not change when moving a design 
from one VF1 FPGA size to another or when making design changes 


— When making design changes or shifting density, special routing logic enables pin-locking 
with minimal performance degradation 


— Allows shifting to higher or lower density FPGA without making changes to board layout 
Zero-power Edge Connect lines allow easy implementation of NOR functions on input lines 
— Eight Edge Connect lines—two per side of the chip 

— Input pins may be connected to these lines to implement NOR functions 

— NOR functions consume zero power 
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o High-speed embedded dual-port memory simplifies the implementation of on-chip FIFOs and 
RAM 
— Needs fewer bits than single-port architectures to implement FIFOs and register stacks 
— Minimizes access time for both read and write cycles 
— Over 6K bits of embedded SRAM in the largest VF1 FPGA device in 32x4 configurable blocks 
— Specific configurations may be defined by the user 
@ Flexible I/O buffers allow interfacing to a wide variety of systems 
— I/O buffers are compatible with both 3.3V and 5V I/O levels 
— Programmable slew rates reduce output signal over/under shoot 
— Three-state control for I/O bus interconnections allow multiplexing on long interconnect lines 
— PCl-compatible I/Os, coupled with optional 33MHz and 66MHz PCI buffers, allow easy 
interfacing to PCI buses 
@ In-system programming via the built-in JTAG boundary scan port 
— Allows VF1 FPGAs to be programmed after mounting on a Piteccecntt board 
— Reduces the need for on-board SPROM 
— When coupled with pin-locking, allows design changes to be made and loaded without 
removing the device from the board 
@ Outperforms systems implemented with competitive reprogrammable FPGAs by 67% to 100% 
— High-performance registered I/O improves chip speed 
— On-chip phase-locked loops with the ability to double or triple input clocks, up to 200 MHz, 
allows the Vantis FPGA to run up to three times faster than the system clock 
— Embedded memory has 5ns read/write access time for fast loads and stores 
— Pipelined logic capable of 250 MHz operation supports the development of high-performance 
systems 


Table 1. Available Devices in the VF1 Family 
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Table 2. Package Types and Total I/O Pins (including clock pins) 


178 VF1 FPGA Family 


PRELIMINARY \ 


OPERATIONAL DESCRIPTION 


The Vantis VF1 FPGA family offers FPGA designers a level of performance that was once available 
only to ASIC gate array designers. The VF1’s Variable-Grain-Architecture minimizes the logic and 
interconnect resources needed to implement high-performance, complex functions. It supports 
logic configurations with three to six logic inputs with all possible input combinations decoded in 
a single LUT dook-up table) level. It also supports configurations with up to thirty-two partially- 
decoded parallel inputs that use only two LUT levels. 


Coupled with high-performance Variable-Length-Interconnect (VLD and from 3.6K to 6.1K bits of 
embedded dual-port SRAM, the Variable-Grain-Architecture delivers the best performance in the 
FPGA industry in a cost-effective solution that virtually guarantees design success. 


Superior performance coupled with densities from 12K to 36K logic gates makes the Vantis VF1 
family the best choice for high-performance, complex FPGA-based designs. Designers who create 
high-performance, high-density designs typically employ a design methodology based on 
hardware description languages (HDLs) such as Verilog or VHDL to speed the design process and 
manage complexity. The Vantis design methodology employs third-party HDL design tools 
coupled with Vantis’ physical mapping and layout software. 


The VF1 overview that follows describes a new, sophisticated FPGA architecture that includes a 
rich set of building blocks and interconnect resources. The VF1 family is manufactured in a state- 
of-the-art deep-submicron 0.18-micron effective) process technology for high performance and 
small die size. It uses four layers of metal interconnect to further enhance performance, reduce die 
size, and lower cost. 


Variable-Grain-Architecture 


The VF1 FPGA family employs a new variable-granularity architecture that allows virtually any 
level of logic complexity to be implemented using minimum chip resources. It comprises three 
levels of logic hierarchy (Figure 1): 


Top Level: Super Variable-Grain-Block (Super VGB), SRAM, and I/O Block (OB). The highest 
level building block in the VF1 architecture is the Super VGB. It is a symmetrical structure, made 

up of four VGBs, that can be combined to create complex, high-performance functions using local 

building blocks and local interconnect resources. Supporting Super VGBs at the top level are dual- 
port embedded SRAM and input/output blocks. 


Second Level: Variable-Grain-Block (VGB). The next level, the VGB, includes four CBBs, logic 
to combine two or more CBBs to implement wide logic functions. Wide-gating logic supports 

complex functions with up to sixteen parallel inputs within a single VGB. The VGB also includes 
high-speed carry logic to build high-performance arithmetic functions and common control logic. 


Configurable Building Blocks (CBB). The CBB is the lowest level building block. It includes six 
logic inputs, two 8-bit look-up tables (LUTs) to define logic functions, a flip-flop to save results, 
selectable outputs, and interconnections to other FPGA resources. A single CBB can implement 
two 3-input functions or one 4-input function using only the logic within the CBB. 
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VFids-001 


Figure 1. VF1 Family Architecture Hierarchy 


A VF1 FPGA (Figure 1) is arranged in a matrix of Super VGBs, separated by routing channels made 
up of interconnect resources called Variable-Length-Interconnect. Figure 2 shows the architecture 
of the VF1025 FPGA. The VF1025 consists of a 20x20 matrix of VGBs with two columns of 
embedded SRAM running vertically near the center of the device. Each column of SRAM is 
supported by dedicated SRAM address lines. 


There are three IOBs for each row and column of VGBs on each side of the chip. The VF1025, 
therefore, has 60 IOBs per side, giving a total of 240 IOBs for the device. Two input Edge Connect 
lines on each side of the device (eight lines total) may be connected to their adjacent IOBs to 
implement an input NOR function. The Edge Connect lines consume no power, even when 
implemented as a NOR function 


SRAM Addressiinés SRAM Block: 


raaaaa = a ma VF1ds-002 
Figure 2. VF1 FPGA Architecture (VF1025 Shown) 
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A VGB in a VF1 FPGA corresponds roughly to one of the coarse-grained logic blocks found in 
competitive FPGA products—but a VGB is much more flexible. Its four CBBs can work 
independently as fine-grained elements to implement simple logic functions while using minimum 
resources, or they can be combined within the VGB and with other VGBs to handle very complex 
functions. 


The following sections describe the VF1 architecture, starting at the CBB level and moving up the 
hierarchy. 


CBB 


A CBB consists of two parts: a configurable combinatorial element (CCE) and a configurable 
sequential element (CSE) (Figure 3). In general terms, the CCE receives logic inputs and generates 
outputs. The CSE stores and routes the outputs. 


Variable = Variable 
Length _ Length 
‘Interconnect’ Interconnect VF1ds-003 


Figure 3. Configurable Building Block (CBB) 
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A CCE (Figure 4) contains two 8-bit, three-input look-up tables (3LUTs). The CCE receives inputs 
via VF1 Variable-Length-Interconnect routing resources, direct connections from adjacent VGBs, 
and local feedback within the VGB. (Inputs are covered in more detail later.) A LUT input decoder 
routes the inputs to the LUTs. The LUT input decoder spans all four CBBs in a VGB to enable the 
combining of CBBs to create five- and six-input functions. These wider functions are described 
later. 


Bit patterns loaded into the LUTs define the output generated by each input combination. 


S4LUT 


VF1ds-004 
Figure 4. Configurable Combinatorial Element (CCE) 
Note: 


A Cin a mux block indicates that the block’s function is set by the VF1 configuration bitstream and is not a logical block that can 
be controlled dynamically 
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The two 3LUTs may generate individual outputs (Figure 4), or they may be combined into a 16-bit 
4LUT that decodes four inputs (Figure 5). If the 3LUTs operate independently, one output follows 
the Feedthrough route to the CBB output while the other goes to the following CSE via the 3/4LUT 
path shown in Figure 4. 


The Feedthrough line coming from the Input Switch is a special high-speed path that allows long- 
line routing resources to be routed from one line to another without going through a long-line 
switch matrix. The Feedthrough path provides better performance than the switch matrix path. 
This is covered in the VGB Interconnect section. 


cc SCS 


- TOCSE 


INPUT 3 


A 
+ 
L 


Oia ee VF 1ds-047 
Figure 5. Four-Input CCE Configuration 


The CSE (Figure 6) receives the outputs from the CCE via the top mux on the left along with Carry 
Logic, CCE, and Wide Gating inputs) and the Feedthrough line on the bottom left. The top mux 
output may be stored in the CSE register or it may bypass the register and go directly to an output 
via a second mux. The output of the second mux goes to a direct connect line that connects to 
other VGBs and IOBs, and to a local feedback (LFB) line that connects to other CBBs within the 
same VGB. 


The Feedthrough line from the lower 3LUT can be routed to VLI resources and to a second LFB- 
line. 
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Figure 6. Configurable Sequential Element (CSE) 


CSE register control signals consist of a clock enable (CE), a clock, and a direct set/reset. The 
register clock enable may be a common enable, a separately generated independent enable, or it 
may be tied to V,,. 


Both the register clock (CLK) and the set/reset signal (S/R) may be configured to meet specific 
design requirements. The polarity of the clock can be selected by configuring the mux that 
precedes the clock input to the register. The set/reset source may be configured as either local 
(LSR) or global (GSR). If a local set/reset is selected, it applies to all the registers in one VGB. 


The Feedthrough line can be routed to a long interconnect line via a dedicated driver. The driver 
can be enabled by either being tied to V,, or by a locally-generated output enable (OE). This 
function allows a signal from a long interconnect line to enter a Super VGB via a CBB input, bypass 
CBB logic, and connect directly to a shared Super VGB long-line driver. The long-line driver 
connects the signal to another long interconnect line. This is an alternative to using a switch at an 
intersection of long lines. It adds additional drive to the signal, allows the signal to be connected 
to lines that are parallel to the original line as well as perpendicular, and may have less delay than 
a switch at a line intersection. 


VGB 


The second level in the VF1 FPGA family hierarchy is the Variable-Grain-Block, or VGB (Figure 7). 
A VGB contains four CBBs plus common control functions, wide gating logic, and high-speed carry 
logic. 

A VGB is a very flexible structure that can be combined in a variety of ways to create very simple 
or very complex logic structures. A VGB can be viewed as a fine-grained architecture when each 
CBB is used to implement a separate logic function. It becomes a coarse-grained architecture when 
the entire VGB is dedicated to a single function. 
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Figure 7. Variable-Grain-Block (VGB) 


Just as the LUTs within a single CBB can be combined to create complex functions, the CBBs 
within a VGB can be combined. By combining the four 8-bit 3LUTs in two CBBs into a single 32- 
bit SLUT, all possible combinations of five logic inputs can be decoded (Figure 8). By combining 
all four CBBs in a VGB into a single 64-bit 6LUT, all possible combinations of six inputs can be 
decoded (Figure 9). The combined output becomes an input to one of the CSEs (Figure 6, upper- 
left mux). 
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Figure 8. Five-Input Function Using Two CBBs 
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Figure 9. Six-Input Function Using Four CBBs in One VGB 
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Figure 10 shows some of the possible fully-decoded combinations that can be implemented in a 
single VGB. The left VGB in Figure 10 shows some combinations that are possible without 
combining CBBs. A single VGB can implement eight three-input functions, or four four-input 
functions, or four three-input functions plus two four-input functions. Other combinations are also 
possible. | 
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Figure 10. Examples of Logic Configurations in One VGB 


The second VGB in Figure 10 shows some possible combinations when two CBBs are combined 
while two CBBs function independently. The combined CBBs form a 5LUT that implements a five- 
input function, while the independent CBBs implement various combinations of three- and four- 
input functions. The third VGB is configured for two five-input functions, and the fourth is 
configured for a single six-input function. 


In many cases, however, an application does not require the decoding of every possible 
combination of a set of inputs. In these cases, configuring CBBs in combinations other than those 
described above can save device resources. For example, two CBBs may be configured as separate 
4-input elements with their outputs multiplexed to decode an 8-input function using only two 
CBBs. Since each CBB decodes 16 combinations of four inputs, this configuration decodes 32 
possible combinations of eight inputs. : 


Special wide-gating logic that is part of the VGB architecture is used to implement configurations 
up to 32 inputs in only two logic levels. The wide gating logic includes a dedicated 4LUT that is 
used to combine CBBs into functions with up to sixteen inputs using all four CBBs in one VGB 
(Figure 11). In this example, each CBB within a VGB is configured to fully decode four inputs. 
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Each of the four CBBs generates an output that becomes an input to the 4LUT in the wide gating 
logic. The 4LUT fully decodes the four inputs from the CBBs. 
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Figure 11. Decoding 16-Input Function Using Wide Gating Logic 


The configuration in Figure 11 does not decode all 65,536 possible combinations of sixteen inputs. 
Instead, it decodes sixteen combinations of four inputs in each CBB for a total of 64 possible 
combinations. The wide-gating 16-bit LUT decodes sixteen possible combinations. The circuit, 
therefore, decodes 1024 combinations (16*64). For most logic functions this is quite adequate, and 
it is accomplished using only the high-speed, short-intraconnect logic contained in a single VGB. 


Super VGB 


The third hierarchical level is the Super VGB (Figure 12). It consists of four mirrored VGBs with 
four sets of shared long-connect multiplexers/drivers. The symmetrical arrangement of the Super 
VGB improves logic density and minimizes interconnect length for implementing complex 
functions. Inputs can come from any direction on the chip and outputs can go in any direction. 
Compared to architectures that force logic paths to flow in one general direction, this Super VGB 
symmetry shortens signal paths and thus improves both performance and density. 
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Figure 12. Super VGB Architecture 


Each Super VGB has four sets of shared drivers, each set pointing in a different direction on the 
chip. These drivers allow a Super VGB to connect to the VLI lines (see Interconnecting VGBs) that 
provide general signal routing throughout the chip. Each set of shared drivers contains four 
individual drivers for a total of sixteen drivers in each Super VGB. 


In addition to general interconnection of VGBs to long interconnect lines, the shared drivers are 
used to implement logic functions with up to 32 parallel inputs. Two 16-input functions (Figure 

11) can be multiplexed using a shared driver, thus providing a 32-input function that decodes 2,048 
possible conditions. 


Interconnect Resources 


In today’s deep-submicron technologies, interconnect length often has a greater impact on device 
performance than gate or logic-block delays. The Vantis VF1 family minimizes most interconnect 
delays by providing multiple levels of interconnect resources that often allow complex functions 
to be implemented completely within a VGB or Super VGB. These complex functions, however, 
must be connected to other VGBs and to I/O blocks, therefore longer routing resources are 
needed. 


The VF1 architecture provides three levels of high-performance interconnect resources: 


@ Local feedback allows CBB outputs to feed back to the inputs of all CBBs within the same 
VGB. 


@ Inter-VGB Direct connect routes the outputs of every CBB in every VGB to the inputs of eight 
nearby VGBs and to IOBs. 


@ Variable-Length-Interconnect resources provide programmable interconnects that may span 
two VGBs, four VGBs, eight VGBs, and the entire FPGA. 
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These interconnect resources provide highly efficient routes for making component connections 
while maintaining maximum performance levels. In addition to maximizing performance, the VF1 
family interconnect methodology allows Vantis’ optimization, mapping, and place-and-route 
software tools to achieve First-Time-Fit results. It also simplifies pin locking and density shifting 
when moving from one VF1 FPGA to another within the same package type. 


Local Feedback 


The earlier description of CBBs shows how local feedback lines (LFBs) are routed back from the 
CBB outputs toward the CBB inputs. These LFBs are then routed to the inputs of every CBB in the 
same VGB (Figure 13). Local feedback provides a very powerful, high-performance routing 
resource that works entirely within the VGB and uses no general routing resources. 
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Figure 13. Local Feedback 
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Inter-VGB Direct Connect 


Every CBB in every VGB has a direct-connect output that connects it to the inputs of two CBBs in 
eight other nearby VGBs (Figure 14). The direct connect routing shown in the upper left portion 
of Figure 14 shows how direct-connect lines are routed when the output CBB is not near the edge 
of the VF1 FPGA. The routing shown in the lower right shows how a direct-connect output 
connects to three IOBs when the output CBB is near the edge of the device. 


VGB Direct Output © VGB Direct Input 
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Figure 14. Inter-VGB Direct Connect 


Only two direct-connect routes are shown in Figure 14, but every CBB in every VGB has the same 
direct-connect routing resources. The direct-connect capability allows VGBs that are adjacent to 
each other to be combined in very powerful logic structures without using slower general routing 
resources. 
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Variable-Length-Interconnect Resources 


The VF1 family provides four types of Variable-Length-Interconnect resources that run in channels 
between Super VGBs, both horizontally and vertically (Figure 15). Two groups of interconnects 
run within each channel. Each group of interconnects includes the following: 


@ Long Connect: 16 lines run from edge to edge on the chip, both vertically and horizontally. 
@ Octal Connect: 4 lines span 8 VGBs both horizontally and vertically. 

@ Quad Connect: 4 lines span 4 VGBs (two Super VGBs) both horizontally and vertically. 

@ Double (or Twin) Connect: 8 lines span 2 VGBs both horizontally and vertically. 
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Figure 15. Variable-Length Interconnect Resources 


The sixteen long-connect lines can be used to implement three-state buses, whereas octal, quad, 
and double connect lines cannot. CBBs can connect directly to octal, quad, and double connect 
lines, but cannot connect directly to long lines. A VGB output connects to a long line resource by 
using a shared long-line driver in a Super VGB. 


VLI lines change direction by connecting with other VLI lines at switch matrixes located at the 
intersections of the horizontal and vertical groups of lines. Long lines, however, can bypass the 
switch matrix by using a CBB Feedthrough line, as described in the CBB section. 
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Interconnect Performance Considerations 


Short connections deliver better performance than long connections. Interconnect resources, in 
order of performance, are: 


@ Local feedback within a single VGB 

@ Direct-connect lines between VGBs and from VGBs to IOBs 
@ Dual lines that span two VGBs 

@ Quad lines that span four VGBs 

@ Octal lines that span eight VGBs 

@ Long lines that span the entire VF1 FPGA 


Vantis’ DesignDirect software selects routing resources and calculates timing for both routing and 
logic delays. Designers can control routing indirectly by specifying timing constraints that must be 
met by the DesignDirect tools. 


Carry Logic 


Every VGB includes high-speed carry logic that facilitates the implementation of arithmetic circuits 
such as adders, subtracters, bit shifters, up/down counters, and comparators. To improve 
arithmetic speed, the carry chain within a VGB is placed between the CCEs and the CSEs within 
each CBB (Figure 16). 
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Figure 16. Carry Routing Within a VGB 


A VGB receives a carry input from a preceding VGB in the arithmetic chain, and generates a carry 
for the following VGB (Figure 17). The carry chain between VGBs starts with the bottom VGB in 
a column and proceeds vertically through the column. Each column of VGBs has its own carry 
chain. 
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Figure 17. Carry Routing Between VGBs 


Embedded Memory 


Every VF1 FPGA family member includes embedded memory configured as 32x4 dual-port SRAM 
blocks (Figure 2). The dual-port configuration (one read/write port and one read port) allows an 
application to read from the read port while it is reading from or writing to the read/write port. 

This allows applications such as FIFOs and register stacks to run much faster, and requires only 
half as many memory bits to implement as a single-port RAM would require. 


Specific memory structures are created by the Vantis DesignDirect software and are implemented 
by the configuration bitstream. In addition, initial memory contents can be loaded at configuration 
time. 
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Figure 18. VF1 Dual-Port SRAM 
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The embedded memory is implemented as two columns of memory blocks that run the full length 
of the FPGA device (Figure 2). Two columns of Super VGBs (four columns of VGBs) run between 
the memory columns, and additional columns of Super VGBs are outside the memory columns. 
This configuration minimizes the distance between Super VGBs and embedded memory, thus. 
allowing shorter interconnects and faster memory access. It also simplifies density shifting and pin 
locking features. Table 3 lists the memory capacity of each VF1 FPGA family member. 


Table 3. VF1 Embedded Memory Capacity 


Note: 


For a detailed description of memory access modes and timing, refer to the “VF1 Dual-Port SRAM Architecture and Timing” 
Technical Note. 


One port of each SRAM block is a read/write port and the other is a read-only port (Figure 18). 
The read/write port on the left of Figure 18 consists of a write/read address input (WRAD) that 
may be stored in Read Address Registers, or may bypass the registers and go directly to the 


Read/Write Port. For write operations, the write address is stored in the Read/Write Port and write 
data is stored in the Write Data Registers. 
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Figure 19. VF1 Dual-port SRAM Routing Resources 
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Memory read and write.addresses come from dedicated SRAM address buses (Figure 19). There 
are five read address lines, five write address lines, and six control lines (including global clocks) 
connected to each 32x4 memory block. The SRAM address bus is driven by VLI quad and long 
lines. Read/write data for the read/write port connect to VLI long lines. Read data from the read 
port and output enable lines connect to any VLI resources. 
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Memory Modes 


The VF1 embedded memory supports six single- and dual-port synchronous and asynchronous 
read and synchronous write operations. All single-port operations use the read/write port. The 
read-only port is used for dual-port operations. All write operations are synchronous. Read 
operations may be synchronous or asynchronous. 


In dual-port operations, it is possible to read from the read port at the same time that the read/ 
write port is performing a read or write. It is also possible to access the same address 
simultaneously. If the read/write port writes to an address at the same time that the read port reads 
the address, the read port will read the old contents of the address until the next clock cycle, at 
which time the contents of the address will change to the new data. 


The mode diagrams that follow represent memory behavior and not physical memory 
implementation. The modes are: 


o 


S 


Sa 


Single-port synchronous read/write (Figure 20). Both read and write operations are syn- 
chronized by WRCLK. Synchronous read operations register read data on the output. 


Single-port synchronous write/asynchronous read (Figure 21). This operation is identical 
to the synchronous read/write except that read data is not registered on the output. 


Single-port synchronous write/asynchronous read, registered read address (Figure 
22). The read address is registered prior to the read/write port using a separate clock (AD- 
DRCLK), rather than the WRCLK that is used for write and synchronous read operations. 


Dual-port synchronous read/write (Figure 23). This function adds a second read port to 
the single-port synchronous read/write operation. The read port functions identically to the read 
operations in the read/write port. 


Dual-port synchronous write/asynchronous read (Figure 24). In this mode the read port 
performs asynchronous reads while the read/write port performs synchronous writes or asyn- 
chronous reads. 


Dual-port synchronous write/asynchronous read, registered read address (Figure 25). 
The read port performs registered address read operations. 


The timing diagrams in Figures 26-29 show the timing relationships for each mode. Write timing 
applies to the read/write port only, and read timing is identical for each port. 


Note: 
More detailed descriptions of these memory modes, plus detailed timing diagrams of each mode, are found in the “VF1 Dual-Port 
SRAM Architecture and Timing” Technical Note. 


VF1 FPGA Family 195 


<= 
nn 
oo 
mn 
‘U 
G) 
> 
m1 
_ & 
3. 
= 


“Vv PRELIMINARY 


“Generator 


-_ VF 1ds-020 
Figure 20. Single-Port Synchronous Read/Write | 


Note: 
Diagram only represents behavior and not physical implementation 
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Figure 21. Single-Port Synchronous Write/Asynchronous Read 
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Figure 22. Single-Port Synchronous Write/Asynchronous Read, Registered Read Address 
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Figure 23. Dual-Port Synchronous Read/Write 
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Figure 24. Dual-Port Synchronous Write/Asynchronous Read 
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Figure 25. Dual-Port Synchronous Write/Asynchronous Read, Registered Read Address 
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Figure 27. Synchronous Read Timing 
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Figure 29. Asynchronous Read Timing with Registered Read Address 
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Input/Output Blocks 


Input/output blocks GOBs) provide an interface between the internal logic functions of the VF1 
FPGA and the remainder of the system in which the device is installed. IOBs support input and 
output functions, and interface the VF1 FPGA to both 3.3V and 5V I/O levels. 


IOB regions lie on all four sides of the FPGA (Figure 2). Each programmable IOB includes a pad, 
input logic, and output logic (Figure 30). The input and output sections function separately from 
each other, sharing only the I/O pad and common Set/Reset logic. The common Set/Reset signal 
is either the VF1 Global Set/Reset, or a local set/reset. 


Separate input and output enable signals allow an IOB to function as both an input pin and an 
output pin in a design. 
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Figure 30. VF1 Input/Output Block (IOB) 


Figure 31 gives a more detailed view of the programmable IOB. Both the input and output sections 
share a common set/reset signal. The set/reset may be locally-generated (LSR), or it may be the 
VF1 global signal (GSR). The input and output sections use separate clocks and separate clock 
enables. 


The IOB input section includes an input buffer, input register/latch, and programmable logic to 
connect the input to appropriate interconnect lines. The input signal may either be registered or 
bypass the register. When the register is used, a delay may be inserted between the input pad and 
the register (Figure 32) to ensure zero hold time for the register when using an external clock. The 
delay is not used when an on-chip PLL generates the clock (refer to the PLL description later in 
this document). 


Input signals may be routed to long lines, to shift-connect lines, to edge-connect lines, or directly 
to VGBs via direct connect lines. The long-line connections may be permanently enabled by tying 
to V.,, disabled by tying to GND, or dynamically controlled via a locally-generated signal. Other 
connections are established when the VF1 FPGA is configured. Connections are described in more 
detail following the IOB output description. 
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Edge-Connect input has polarity control 


The IOB output section includes programmable interconnections from the VF1 logic, an output 
register, and an output buffer with programmable slew rate control (Figures 31 and 32). Output 
data may come from direct connect lines, long lines, or shift-connect lines. The output may be 
permanently enabled or disabled by tying to V,, or GND, or controlled dynamically by a locally- 
generated enable signal. 
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Figure 32. VF1 I/O Buffer 


The VF1 I/O buffer (Figure 32) offers designers a wide selection of programmable capabilities: 
 Three-state control capability for interfacing to buses 
@ Programmable pull-up resistor for a weak high bias 


@ Programmable Bus-Friendly™ architecture to hold the last output value when the IOB goes 
into high-impedance mode 


@ Output slew rate control to reduce ringing 
@ Programmable input delay allows zero hold time from external clock 
@ IEEE 1149.1 boundary scan capability to simplify board testing 
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Figure 33. IOB Interconnect 


IOBs may connect to long lines, shift-connect lines, direct-connect lines, and Edge Connect lines 
(Figure 33). Long-line connections allow any VGB anywhere in the VF1 FPGA to be connected to 
IOBs. Long-line connections are made to routing resources that are perpendicular to the edge of 
the device where the IOB is located. Each IOB may connect to two long-line channels. 


Shift-connect lines give the VF1 FPGA family a very powerful pin-locking capability when a design 
moves a design to either a higher or lower density VF1 FPGA. Shift-connect lines expand an IOBs 
long-line connection span from two channels to four, making it much more efficient to lock pin 
assignments when shifting from one device density to another. 


Direct-connect lines connect IOBs directly with VGBs that are near the edge of the VF1 FPGA. 
These are the fastest connections between logic elements and I/O elements. 


Edge Connect lines apply to inputs only. An IOB input section may be configured to connect to 
an Edge Connect line as well as another data line. The Edge Connect lines (two per side of the 
VF1 FPGA) are used to implement input NOR functions on IOB inputs. 
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Global Interconnect and PLL 


Global signals in the VF1 family include four global clocks and a global set/reset function 
(Figure 34). The Set/Reset signal input is at one corner of the VF1 FPGA. The four global clock 
inputs are distributed with one CLK input at each corner. Two of the global clocks may be applied 
to embedded phase-locked loop (PLL) circuits for clock deskewing and frequency multiplication. 
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Figure 34. VF1 Global Interconnect 
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All four global clocks have individual clock trees that distribute them throughout the VF1 FPGA 
(Figure 35). These clock trees cannot be subdivided. Clocks associated with PLLs may either bypass 
the PLL circuit or may be applied to the PLL with the PLL output applied to the clock tree. In 
addition, clocks may be generated within the VF1 FPGA and distributed using the global clock tree 


(the VLI input in Figure 35). 


Maximum input frequency on any clock pin is 250 MHz. Operation at the maximum frequency 
requires certain design considerations. Refer to Vantis applications notes for guidelines on high- 


frequency designs. 
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Figure 35. Global Clocks and PLL 
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PLL 


The embedded analog PLL circuits can be used to deskew clocks from one chip to another and to 
synthesize on-chip clocks using an external reference frequency (usually an external clock input). 
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Figure 36. Deskewing Clocks with PLLs 


Clock skew from one chip to another robs a system of much of its performance by delaying the 
generation of reliable outputs from larger chips. When a system clock is applied to two chips of 
different sizes (Figure 36), the clock will propagate through the chips at different rates. For 
example, the clock will reach flip-flop 4 in Chip A (Figure 36, upper diagrams) much sooner than 
it reaches flip-flop 8 in Chip B. Process and environmental variables also contribute to clock skew 
within a chip. 


The waveforms (Figure 37, upper waveforms) show the results of skew in the two chips. The 
dotted lines in the chip waveforms show when the system clock reaches the first flip-flop in the 
chip and when it reaches the last. The solid line shows when the clock reaches the mid-point along 
each chip’s clock trunk. 


A PLL can “shift” the reference clock within a chip and reduce the time that it takes for the chip to 
generate its output. The PLL works by monitoring the reference clock and the clock signal at the 
end of the chip’s clock trunk (Figure 36, lower diagrams). It then shifts the clock phase so that the 
shifted clock pulse reaches the end of each chip at the same time that the system clock reaches 

the chip input. The PLL effectively synthesizes a new clock at the same frequency as the system 
clock, but slightly shifted in phase (Figure 37, lower waveforms). 
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Figure 37. PLL Waveforms for Deskewing Clocks 


Table 4. PLL operating conditions 
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Fou | Input Clock Frequency with multiplication factor of 2 


Fos | Input Clock Frequency with multiplication factor of 3 
Input Clock Stability (between adjacent clocks) 


Total jitter on PLL output (both accumulated and phase-to-phase 500 
TOT)ITTER measures as peak-to-peak) 


The PLL can also be used to synthesize on-chip clocks that are multiples of the system clock 
frequency, up to a maximum of 200MHz. For example, if the system clock operates at 66MHz, the 
on-chip PLL can double the clock to 132MHz or triple it to 198MHz. If the system clock runs at 100 
MHz, the PLL can double it to 200 MHz for use within the VF1 FPGA. 


Table 4 lists the PLL operating conditions. 


As shown in Table 4 (see t_oc x signal), the PLL will acquire a lock on the reference clock within 
30 ps, but it may acquire a lock much sooner. A LOCK status signal goes high when a lock is 
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acquired, so it is possible either to wait 30 ps or to test the LOCK signal to assure that the PLL has 
acquired a lock. 


Global Set/Reset 


The VF1 global set/reset signal (Figure 38) may be generated externally and applied to the VF1 
FPGA via the Global Set/Reset input pin, or it may be generated within the VF1 FPGA. In addition, 
the polarity of the set/reset signal may be selected. Both of these conditions are determined at 
configuration time. 


From VLI VF1ds-038 
Figure 38. Global Set/Reset 


Design Methodology 


Complex systems with greater than 10K gates require a sophisticated software-based design 
methodology. While a schematic-based methodology may be adequate for smaller designs, and 
sometimes for portions of larger designs, a hardware-description language (HDL) is more 
appropriate for developing complex designs. 


The Vantis design flow consists of two parts (Figure 39): 


@ Design development using third-party front-end development tools. These tools provide de- 
sign entry, simulation, synthesis, and timing analysis. Designs are transferred from these tools 
to the Vantis tools in an EDIF file format. Some third-party tools can provide timing constraint 
files for use by the Vantis tools. 


@ Design implementation using Vantis physical design tools. These technology-specific tools 
provide optimization, mapping, timing calculation, and device programming. The output is a 
JEDEC bit-stream file for programming VF1 FPGAs via the JTAG port or the dedicated program- 
ming port. 
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The Vantis tools include a design manager, graphical user interface, and a logic editor and viewer. 
The logic editor and viewer enable viewing and moving logic elements down to the VGB level. 
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HDL Capture and 
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Logic Simulation 


Schematic | arid 
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° 
Saoenes 


VF1ds-039 


< 
= 
“TI 
3°) 
CG) 
> 
“T1 
o 
= 
<= 


Figure 39. Vantis Design Methodology 


Vantis design environment tools are timing driven, using timing constraint files that are provided 
by the third-party front-end tools (Figure 40). The Vantis tools generate timing files that can be fed 
back to the front-end tools for further simulation and timing analysis. The output of the design 
process is a configuration bitstream that is loaded a VF1 FPGA during configuration. 
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Files 


{ Configuration: } 
| Bitstream 


Tre VF1ds-040 
Figure 40. DesignDirect Inputs and Outputs 


Detailed descriptions of the Vantis design methodology and tools are found in the Design 
Methodology Users Manual on the software CD-ROM. 


JTAG Compatibility 


VF1 family FPGA products are fully compliant with JIAG 1149.1. They implement the following 
standard JTAG instructions: 


BYPASS 
SAMPLE/PRELOAD 
EXTEST 

HIGHZ 
USERCODE 
IDCODE 

INTEST 


$¢¢ Oe OO OM 


In addition, they implement three non-standard instructions that are used for configuring the VF1 
FPGAs through the JTAG port. These instructions are described in the Configuration modes section 
that follows. 


Configuration Modes 


The VF1 family of devices consists of SRAM-based reprogrammable FPGAs that are configured, or 
programmed, every time they are powered up. Configuration is the process of loading 
configuration data into the device from either a companion SPROM or a host system (Figure 41). 
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The configuration data defines the device’s functionality. In addition to power-up configuration, 
VF1 FPGAs can be reconfigured during operation (in-system programming) if the host system 
decides to change the device’s functionality. 


The following is a general description of each configuration mode. Detailed descriptions of all 
modes and timing are contained in the VF1 Configuration Guide Technical Note. The Vantis VCM 
SPROM data sheet describes the companion SPROM. 


Host System or 


SPROM 


VF1ds-041 
Figure 41. Configuring a VF1 FPGA 


The VF1 FPGA family supports five configuration modes, two that use SPROMs and three that 
depend on a host processor. The modes are: 


@ Master serial mode. The VF1 automatically loads its configuration data from an external serial 
PROM. 


@ Slave serial mode. When two or more VF1 FPGAs in a system are loaded from the same PROM, 
the first device loaded is loaded in Master serial mode and subsequent devices are loaded in 
Slave serial mode. In this mode, the master device provides the CCLK signal to slave devices. 


@ Asynchronous peripheral mode. A host device provides configuration data a byte at a time 
in parallel to the VF1 FPGA. The VF1 FPGA serializes the data internally for loading. 


@ Synchronous peripheral mode. A host device provides the load clock to the VF1 FPGA and 
provides byte-wide configuration data on every eighth clock pulse. 


@ JITAG mode. The VF1 FPGA configuration data is loaded via the JTAG boundary scan circuitry. 
A host, such as a microprocessor, controls loading and provides configuration data. 


Configuration modes are selected by the three mode pins, MO-M2, as shown in Table >: 


Table 5. Configuration Mode Selection Pins 


|__ConfigurationMode | m2 | mt To 
Eck, ene a NE ae aK 
savesedal OT 
tna Porites _) 
re ee a ee ee ee 
ee 


Asynchronous Peripheral 
JTAG 


Modes are described briefly below. The Technical Note VF1 Configuration Guide provides 
comprehensive guidelines. 


With the exception of the pins directly involved in configuration, all VF1 I/O pins are in three-state 
mode during configuration. Following configuration the state of the I/O pins is determined by the 
configuration pattern. Table 5 lists the pins that are used by the various configuration modes. 
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Table 6. Pins Used in Configuration Modes 


[maser seat | soveseis_| “fetes” | “Pores” | as | Useroperton_ 
Master Serial Slave Serial Peripheral Peripheral JTAG User Operation 
7nOCRaN 
mo f meco [mom | mo || 
Cameo [ancy [abe | moo | SidYCSCSC 
aa 
| mo mo | 


1 iH 
aor [pour oy [boro [pom 
wo [wo | ono | ow fr 
oo 
oo 
Se a TO 
a OCC 
is 9s 0 
ns 0 on 9 
ee 
Lt 
as a 
ae AR: 
a aaa 
ae ape 


need 
poe one! 
[oro Si 
owen [wow [SiS 
O10 
a OS 
80 
0 


Notes 

I = Input 

O = Output 

OD = Open Drain 
YO = Input/Output 
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Functions of the configuration mode signals are described below. Refer to the individual mode 
descriptions that follow for timing relationships of these signals. 


MO/RTRIG 
M1/RDO 
M2 


/PROGRAM 


/INIT 


DONE 


HDC 

ILDC 

CCLK 

TDI, TCLK, TMS, TDO 
DOUT 


DINO-7 


RDY/(/BUSY) 


/CSO, CS1, WS, /RS 


Three multiplexed I/O pins that select the configuration mode. During configuration, these pins are input pins and are sampled 
right after initialization to determine the configuration mode. In normal mode, MO and Mi can be used as RTRIG and RDO for non- 
JTAG read-back. 


A dedicated input pin that initiates configuration. A low level clears the configuration memory and puts the device into a WAIT 
state. The MODE pins are sampled. A low-to-high transition clears the configuration memory once more and starts the configuration 
process. If this pin is high during power up, the device will skip the WAIT state after clearing the configuration memory and will go 
directly into configuration mode. 


A multiplexed 1/0 pin that indicates initialization status. During device configuration /INIT is an open-drain status pin that can 
also be used to reset the serial EPROM for a Master device. A low /INIT when /PROGRAM is high indicates initialization is not complete 
and the device is not ready to receive data for configuration. Tying all the /INIT pins from different devices together ensures the Master 
device does not start configuration until all slave devices are initialized. For non-JTAG configuration modes, holding the AINIT pin low 
externally will delay configuration. 


A dedicated open drain pin that signals when configuration is done. A low output indicates the device is in configuration. A 
high output indicates configuration is done and all the I/Os will be enabled. For non-JTAG configuration modes, enabling of all the I/Os 
in different devices can be synchronized by tying all the DONE pins together. 


A multiplexed I/O status pin that is Low During Configuration. 
A multiplexed 1/0 status pin that is Low During Configuration. 


A dedicated 1/0 pin for configuration clock input or output. In the Master mode, this pin is the clock output from an internal 
oscillator that drives the serial EPROM and Slave VF1 FPGAs. In the Slave mode and Synchronous Peripheral mode, this pin receives a 
clock from the Master VF1 FPGA or from a host source. 


TDI, TCLK, and TMS are dedicated input pins; TDO is a dedicated output pin. These pins are used for JTAG boundary scan 
functions and for programming VF1 FPGAs in JTAG mode. 


A multiplexed I/O pin to pass configuration data from the first VF1 FPGA in a chain to subsequent devices. During 
configuration, this is an output pin for sending DIN data to daisy-chained devices. 


Seven multiplexed I/O pins for byte-wide data input. During Synchronous and Asynchronous Peripheral modes, these input pins 
receive parallel configuration data. 


A multiplexed I/O Ready or Busy status pin. This pin indicates when it is appropriate to write another byte of data into the VF1 
FPGA during Peripheral mode configuration. In Asynchronous peripheral mode, the pin is high (RDY) when the VF1 is ready to receive 
data, and it is low (/BUSY) when the VF1 is processing the last byte it received. In Synchronous peripheral mode, the signal is normally 
low and goes high for one CCLK period to acknowledge the receipt of a byte of configuration data. 


Multiplexed I/O pins. These four inputs are used in Asynchronous Peripheral mode. The chip is selected when /CSO is low and CS1 
is high. While the chip is selected, a low on /WS loads the data on DIN [0:7] into the internal data register. A low on /RS changes DIN7 
into a status pin that outputs the same signal as the RDY/(/BUSY) pin. 
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VF1 MASTER 


CASOUT 


stakiasis VF1ds-042 


Figure 42. Master Serial Mode 


Master Serial Mode 


In Master serial mode, configuration data is loaded automatically from a serial PROM into the VF1 
FPGA (Figure 42). On power-up, or when a PROGRAM command is received, both the /INIT signal 
and the DONE signal from the VF1 FPGA go low, generating /CE and /RESET signals to the serial 
EEPROM. 


The /INIT signal goes high, enabling the output of the EEPROM. The VF1 FPGA generates the 
configuration clock, CCLK, and applies it to the EEPROM. CCLK clocks the configuration data out 
of the EEPROM and clocks it into the VF1 FPGA. 


If two or more EEPROMs are required to hold the configuration data, the first EEPROM pulls its 
/CASOUT signal low when it has loaded its last data bit, enabling the second EEPROM to provide 
subsequent configuration data. The loading continues until the VF1 FPGA is fully configured at 
which time DONE goes high, halting the configuration process. 


Configuration can also be initiated by the /PROGRAM command. 
Both /INIT and DONE are open-collector drivers that require external pull-up resistors. 
Slave Serial Mode 


Slave serial mode is normally used when two or more VF1 FPGAs are configured in a daisy chain 
(Figure 43). In Figure 43 first VFl1 FPGA in the chain is configured as a Master and all following 
devices are slaves. Two SPROMs are shown to illustrate how they may be cascaded to provide 
adequate storage for multiple configuration bitstreams. The Master VF1 FPGA generates the CCLK 
configuration clock for all devices in the chain as well as for the SPROMs. 
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MO M1 M2 
DOUT 


MO M1 M2 
DOUT 


VF1 SLAVE VF1 MASTER 


PROGRAM 


| | PROGRAM INIT 7 | | F 


MO M1 M2 
DOUT 


VF1 SLAVE 


VF 1ds-043 
PROGRAM 


Figure 43. Slave Serial Mode 


Configuration starts and proceeds the same as in Master serial mode until the Master device is 
loaded. At that point, the Master transmits subsequent configuration data out on its DOUT pin. 
That data goes to the DIN pin of the second device. When that device is loaded, it transmits 
subsequent data on its DOUT pin to the third device. This process continues until all VF1 FPGAs 
in the chain have been configured. 


Figure 43 shows VF1 slave-mode devices following a master-mode device. This is not the only case 
in which slave-mode configuration is used. It may also be used following VF1 FPGAs configured 
in Synchronous or Asynchronous peripheral modes, or when a host system configures a VF1 FPGA 
directly in serial mode. 


Asynchronous Peripheral Mode 


Asynchronous Peripheral mode is used to load one or more VF1 FPGAs with byte-wide data from 
a microprocessor bus (Figure 44). The VF1 FPGA serializes each byte internally, so this mode offers 
no speed advantage over serial modes. Data transfer is made on the trailing edge of the logical 
AND of signals /WS and /CSO being low and /RS and /CS1 being high. Chip select signals can be 
cycled or maintained at a static level during the configuration process. Each byte of data is written 
into the VF1 FPGA’s DIN [7:0] input pins. 
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VF1 
ASYNCHRONOUS 
PERIPHERAL 


Host System 


DINO CCLK 
DONE 


VF1SLAVE —__ 
INIT 


PROGRAM VF1ds-044 
Figure 44, Asynchronous Peripheral Mode 


When two or more VF1 FPGAs are daisy-chained for configuration, the lead device loads itself first 
and then it presents serial configuration data on its DOUT pin. It also generates the CCLK clock 
signal to control shifting of data into subsequent slave-mode devices in the daisy chain. 


The RDY/(/BUSY) status output indicates when another byte can be loaded from the host system. 
A high indicates that the VF1 FPGA is ready to receive another byte, while a low indicates that it 
cannot accept a byte. The length of the low signal will vary depending on the shifting status of 
previously loaded bytes. In addition to appearing on its status pin, the RDY/(/BUSY) signal can be 
multiplexed on the DIN7 pin by setting chip select pin /WR high and setting pin /RD low. 


Synchronous Peripheral Mode 


In Synchronous Peripheral mode, a host system presents byte-wide data over a microprocessor 
bus and controls shifting of that data by inputting a clock signal to the VF1 FPGA’s CCLK pin 
(Figure 45). The first data byte is clocked into the VF1 FPGA on the rising edge of the second CCLK 
pulse after /INIT goes high. Bytes are then clocked in on every eighth CCLK pulse. In this mode, 
the RDY/(/BUSY) signal acknowledges the loading of the byte by going high for one CCLK period 
on the same clock that loaded the byte. CCLK must remain active after the last byte is loaded to 
complete the shifting. 
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MO M1 M2 


VF1 SYNCH. 


Host System 


DINO CCLK 


DONE 


VF1 SLAVE —_ 
INIT 


PROGRAM 


VF 1ds-045 
Figure 45. Synchronous Peripheral Mode 


Synchronous Peripheral mode can be used in daisy-chain configurations. The first VF1 FPGA in 
the chain loads itself, and then presents serial data on its DOUT pin for loading into the following 
devices in the chain. CCLK is applied in parallel to all devices from the host system. The data 
appears on DOUT 1.5 cycles after it is loaded in parallel, which means that DOUT changes on a 
falling CCLK edge and the next VF1 FPGA loads data on the next rising edge. 


JTAG Mode 


In JIAG mode, VF1 FPGAs are configured using the JTAG pins TCLK, TMS TDI, and TDO. Three 
additional JTAG instructions support JTAG configuration mode: 


@ PROG_MODE. This instruction places the VF1 FPGA in programming mode. 


@ PROGRAM. Once the VF1 FPGA is in programming mode, this instruction shifts configuration 
data into the VF1 FPGA. 


@ VERIFY. After configuration this instruction is used to read back all configuration, VGB and 
I/O flip-flops, and embedded SRAM bits in the device. 


A host system such as a microprocessor controls the configuration of the VF1 FPGA or devices and 
supplies configuration data. The host also provides the configuration clock. 
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VF1ds-046 
Figure 46. JTAG Mode 


If two or more VF1 FPGAs are to be configured, they are arranged in a daisy chain with all devices 
selected for JTAG mode configuration (Figure 46). Data is applied to the TDI pin of the first device 
and the TDO pin of that device is connected to the TDI pin of the next device. The TMS and TCLK 
signals from the host are applied to all VF1 FPGAs in parallel. 


In-System Programming 


A VF1 FPGA is normally loaded with a configuration program when its host system is powered 
up. As described in the section above, this is often accomplished by loading the program from a 
separate SPROM. In the case of the Vantis VF1 family, the program may also be loaded through 
the JTAG port or the dedicated programming port. 


The typical FPGA, however, is part of a larger system that includes a microprocessor. The system 
design can often be simplified by having the microprocessor, rather than a separate serial PROM, 
configure the VF1 FPGA. The microprocessor can configure the VF1 FPGA using host-driven Slave 
mode, Asynchronous Peripheral mode, Synchronous Peripheral mode, or JTAG mode. In most 
applications, JTAG mode will be used. 


Using a host microprocessor to load the VF1 FPGA simplifies making design changes or installing 
ECOs after the device has been installed in a system. The new configuration program can simply 
be loaded into the microprocessor and then loaded into the VF1 FPGA, eliminating the need to 

swap PROMs or any other physical part of the system. It also allows dynamic changing of system 
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functionality by allowing multiple configuration programs to reside in the host system and be 
loaded into the VF1 FPGAs as needed. 


Core Program 


Vantis plans to offer high-value, reusable cores as part of its VF1 family. The first cores in this 
program are PCI cores that support both the 33MHz and 66MHz standards. Detailed information 
will be published later. | 
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ORDERING INFORMATION 


Vantis VF1 Series FPGAs 


meee 


VANTIS ‘ial | 
FAMILY i= 
1 = 1000 sereis sieneneesenll | 1 = Speed grade 1 (Slowest) 
2 Speed grade 2 
GATE COUNT 
012 = 12K OPERATING CONDITIONS 
020 = 20K C = Commercial (O°C to +70°C) 
025 = 25K I = Industrial (-40 °C to +85 °C) 
oy Eats PACKAGE TYPE 
SUPPLY VOLTAG Ball Grid Array (BGA) 
A = 3.3V AH = 256, AM= 352 
Plastic Quad Flat Pack (PQFP) 
EMBEDDED FUNCTIO YO = 160, YS=208, YT=240 


M = Memory Thin Quad Flat Pack (TQFP) 
VN = 144 


TECHNICAL SPECIFICATIONS 


The following pages contain preliminary technical specifications for the VF1 family. 
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ABSOLUTE MAXIMUM RATINGS 


Storage Temperature.............. -65°C to +150°C 
Device Junction Temperature ............... +120°C 
Supply Voltage with Respect to 

COUNG Spicy hen take doe eye Se -0.5 V to +4.0 V 
DC Input Voltage .................. -0.5 to 5.5 V 
Static Discharge Voltage ................. 2000 V 
Latchup Current (O°C to +70°C )........... 200 mA 
Note: 


Stresses above those listed under Absolute Maximum Ratings 
may cause permantent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi- 


mum Ratings for extended periods may affect device reliability. 


DC CHARACTERISTICS 


Output Short Circuit Current (Vout = 0.5V) (Voc = Max Voc = 3.6V) 


Standby Supply Current (Nominal Vcc) 


Notes: 


OPERATING RANGES 


Ambient Temperature (T,) Operating 


Pi FPCeVAIT huh dos ew oak Peed eae x O°C to +70°C 
Supply Voltage (Vcc) with 

Respect to Ground.............. +3.0 V to +3.6 V 
Note: 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 


2.0 


0.Voc 


| Min [Max | Unit _| 
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1. JTAG and dedicated configuration pins have only Pull Up option. 


2. Usage of PLL adds 20mA per PLL to the dynamic Ic. 
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AC CHARACTERISTICS 


The following tables contain preliminary AC timing parameters for the VF1 FPGA family. It is 
recommended that the timing analysis tools in Vantis’ DesignDirect software be used to calculate 
timing for a design. However, the following tables can be used to develop approximate delays for 
small circuits. Interconnect delays and interconnect driver delays are not included in these tables. 
Timing information will be updated as final characterization is done. The latest timing information 
is published on the Vantis Web site (www.vantis.com). 


Input AC Parameters 


lIOB General Input Delays 


[Parameter [Parameter Description | ___TestCondions |_| 2 | wit 
fy (Sala ipuDeay 
nar 18 rnsparen atch Daly wi Dy 
fay 18 rnsprn patch Dl with Delay 
aaa 


Input Long Line Disable Time 


IOB Input Set/Reset Delays 


IOB Input Register (Latch) Global Clock (Gate) Delays 


Parameter Description 
IOB Input Register (Latch) Global Clock (Gate) Setup Time Without Delay 


a 

[a2 
ae SS ea I 
i |108 pa Regier at) Gal ok (a) Sep Tneabely———S~idtCC | 
ima [08 pr ger (ac) Gal ok ne Hold Tine Wh Dey ———~—S~S~*dt S| 
imino [08a egier (at) Gal ok ine) > neromectines —————SSS~idS® Yas | 
mca [!0Biopttegser (Lac) Gl GockEnbieSeuptine _——~—S~dCS | 
mca [108 pu Rep (ah) Gob Cock able HoldTme ————SSCS~wdC | 


IOB Input Register (Latch) Local Clock (Gate) Delays 
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IOB Input Register (Latch) Local Clock (Gate) Delays (Continued) 


IOB Input Register (Latch) Local Clock Enable Setup Time | 00 =6| (00) | ls 
JOB Input Register (Latch) Local Clock Enable Hold Time | os | 06 | ns | 


Output AC Parameters 


IOB General Output Delays 


[Parameter | __ Parameter Destin | ____Testcondiions [| 2 | Unt 
ie 
= 


IOB Output Set/Reset Delays 


Parameter Description 


IOB Output Register Global Set/Reset -> Pad 


IOB Output Register Local Set/Reset > Pad 
IOB Output Register Global Set/Reset Recovery Time 


IOB Output Register Local Set/Reset Recovery Time 


CBB 4LUT Direct Connect to IOB 
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CBB AC Parameters 


Combinatorial Configurable Building Block (CBB) Delays 


[Parameter | __PorameterDescpton [| ___TestCondons____ | _1_| 2 | nit 
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VGB Global Set/Reset -> CBB Output 
VGB Global Set/Reset Recovery Time 


Super VGB Control Signals 


Parameter Description 
VGB Feedthrough 
Shared Driver Enable Time 


Shared Driver Disable Time 


et 


1.5 


6 
vi 
0 
1.8 
0.5 
0.4 


ae . 
WX 


So 
Qe 


2.0 


~) 

uN 
PS = 
Qe \© 


1.1 
2.8 


224 VF1 FPGA Family 


PRELIMINARY 


Registered Configurable Building Block (CBB) VGB Local Clock Delays 


Parameter Description 
CBB Input > VGB Local Clock Setup Time (3-LUT) 
CBB Input > VGB Local Clock Setup Time (4-LUT) 
GLS 
R 


CBB Input -> VGB Local Clock Setup Time (6-LUT) 


ew 


CBB Input -> VGB Local Clock Setup Time (5-LUT) 
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CBB Input > VGB Local Clock Hold Time (5-LUI) _ | 00 | 
CBB Input > VGB Local Clock Hold Time (6-LUT) | 00 
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CBB Input > VGB Local Clock Hold Time (Wide Gate) 


VGB Carry Logic AC Parameters 


Ajime4 WOd4 L4A 


VGB Combinatorial High Speed Carry Logic 


[Parameter [_____ParameterDescipton | _TestContons [1 


Carry Logic Input -> Sum Logic Output -> CBB Output Carry Logic 
Carry Logic Input > Carry Logic Output 


VGB Registered Global Clock High Speed Carry Logic 


. Parameter Description 
Operand/Control Input > Sum Logic -> VGB Global Clock Setup Time 6 


S 


Operand/Control Input > Sum Logic > VGB Global Clock Hold Time | 00 | 
Carry Logic Input > Sum Logic > VGB Global Clock Setup Time | 00 | 
Carry Logic Input > Sum Logic > VGB Global Clock Hold Time 


VGB Registered Local Clock High Speed Carry Logic 
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VF1 FAMILY PACKAGE PIN LISTS 


VF1 family FPGA devices are available in five package types as listed in the table below. Pin lists 
for each package type and VF1 family device follow the table. The pin lists are arranged by 
package type and are sorted by signal type and name. 


Within a given package, certain common signals appear on the same pins regardless of the VF1 
FPGA in the package. For example, the VF1012, VF1020, VF1025, and VF1036 devices are available 
in the 256 BGA package. The SET/RESET signal, all CLKx inputs, JTAG interface signals, and all 
configuration signals appear on the same pins in the 256 BGA package for every member of the 
family. These common signals are listed at the beginning of each package type. These are followed 
by IOB Unput/Output Block) pin lists. IOB placement varies by family member within a single 
package type. 


Each pin list includes a specification drawing of the package. 


VF1 Family Package Options/Total Pins 
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Dimension Codes 


1.27 BASIC ball Lies 
0.635 BASIC solder ball plcenens 
Note: 


1. BGD is Vantis’ internal abbreviation for a wirebonded, plastic, cavity-down ball grid array that has been thermally enhanced 
with a heat sink. 
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PALCE16V8 COM/’L:H-5/7/10/15/25, Q-10/15/25 IND:H-10/25, Q-20/25 


PALCE16V8Z COM'L:-25 IND:-12/15/25 
Mamie = PALCE16V8 and PALCE16V8Z Families 
| BEYOND PERFORMANCE EE CMOS (Zero-Power) 20-Pin Universal 


Programmable Array Logic 


DISTINCTIVE CHARACTERISTICS 


@ Pin and function compatible with all 20-pin PAL® devices 

@ Electrically erasable CMOS technology provides reconfigurable logic and full testability 
@ High-speed CMOS technology 

— 5-ns propagation delay for “-5” version 

— 7.5-ns propagation delay for “-7" version 

Direct plug-in replacement for the PAL16R8 series 

Outputs programmable as registered or combinatorial in any combination 
Peripheral Component Interconnect (PCI) compliant 

Programmable output polarity 

Programmable enable/disable control 

Preloadable output registers for testability 

Automatic register reset on power up 

Cost-effective 20-pin plastic DIP, PLCC, and SOIC packages 

Extensive third-party software and programmer support 

Fully tested for 100% programming and functional yields and high reliability 
5-ns version utilizes a split leadframe for improved performance 
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GENERAL DESCRIPTION 


The PALCE16V8 is an advanced PAL device built with low-power, high-speed, electrically- 
erasable CMOS technology. It is functionally compatible with all 20-pin GAL devices. The 
macrocells provide a universal device architecture. The PALCE16V8 will directly replace the 
PAL16R8, with the exception of the PAL16C1. 


The PALCE16V8Z provides zero standby power and high speed. At 30-uA maximum standby 
current, the PALCE16V8Z allows battery-powered operation for an extended period. 


The PALCE16V8 utilizes the familiar sum-of-products (AND/OR) architecture that allows users to 
implement complex logic functions easily and efficiently. Multiple levels of combinatorial logic 
can always be reduced to sum-of-products form, taking advantage of the very wide input gates 
available in PAL devices. The equations are programmed into the device through floating-gate 
cells in the AND logic array that can be erased electrically. 
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The fixed OR array allows up to eight data product terms per output for logic functions. The 
sum of these products feeds the output macrocell. Each macrocell can be programmed as 
registered or combinatorial with an active-high or active-low output. The output configuration 
is determined by two global bits and one local bit controlling four multiplexers in each 
macrocell. 
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FUNCTIONAL DESCRIPTION 


The PALCE16V8 is a universal PAL device. The PALCE16V8Z is the zero-power version of the 
PALCE16V8. It has all the architectural features of the PALCE16V8. In addition, the PALCE16V8Z 
has zero standby power and an unused product term disable feature for reduced power 
consumption. It has eight independently configurable macrocells (MCy-MC-). Each macrocell can 
be configured as registered output, combinatorial output, combinatorial I/O or dedicated input. 
The programming matrix implements a programmable AND logic array, which drives a fixed OR 
logic array. Buffers for device inputs have complementary outputs to provide user- 
programmable input signal polarity. Pins 1 and 11 serve either as array inputs or as clock (CLK) 
and output enable (OE), respectively, for all flip-flops. 


Unused input pins should be tied directly to Vcc or GND. Product terms with all bits 
unprogrammed (disconnected) assume the logical HIGH state, and product terms with both true 
and complement of any input signal connected assume a logical LOW state. 


The programmable functions on the PALCE16V8 are automatically configured from the user’s 
design specification. The design specification is processed by development software to verify 
the design and create a programming file JEDEC). This file, once downloaded to a programmer, 
configures the device according to the user’s desired function. 


The user is given two design options with the PALCE16V8. First, it can be programmed as a 
standard PAL device from the PAL16R8 series. The PAL programmer manufacturer will supply 
device codes for the standard PAL device architectures to be used with the PALCE16V8. 
The programmer will program the PALCE16V8 in the corresponding architecture. This allows 
the user to use existing standard PAL device JEDEC files without making any changes to them. 
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Alternatively, the device can be programmed as a PALCE16V8. Here the user must use the 
PALCE16V8 device code. This option allows full utilization of the macrocell. 


To 
Adjacent 
Macrocell 


From 
Adjacent 
Pin 


“SGI SLOy 


“In macrocells MCy and MC 3, SG1 is replaced by SGO on the feedback multiplexer. 
16493E-2 
Figure 1. PALCE16V8 Macrocell 


CONFIGURATION OPTIONS 


Each macrocell can be configured as one of the following: registered output, combinatorial 
output, combinatorial I/O, or dedicated input. In the registered output configuration, the output 
buffer is enabled by the OE pin. In the combinatorial configuration, the buffer is either controlled 
by a product term or always enabled. In the dedicated input configuration, it is always disabled. 
With the exception of MCy and MC,, a macrocell configured as a dedicated input derives the 
input signal from an adjacent I/O. MC derives its input from pin 11 (OE) and MC, from pin 1 
(CLK). 

The macrocell configurations are controlled by the configuration control word. It contains 2 
global bits (SGO and SG1) and 16 local bits (SLO, through SLO, and SL1, through SL1,). SGO 
determines whether registers will be allowed. SG1 determines whether the PALCE16V8 will 
emulate a PALI6R8 family or a PAL10H8 family device. Within each macrocell, SLO,, in 
conjunction with SG1, selects the configuration of the macrocell, and SL1, sets the output as 
either active low or active high for the individual macrocell. 


The configuration bits work by acting as control inputs for the multiplexers in the macrocell. 
There are four multiplexers: a product term input, an enable select, an output select, and a 
feedback select multiplexer. SG1 and SLO, are the control signals for all four multiplexers. In 
MCpy and MC-, SGO replaces SG1 on the feedback multiplexer. This accommodates CLK being 
the adjacent pin for MC; and OE the adjacent pin for MCo. 
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Registered Output Configuration 


The control bit settings are SGO = 0, SG1 = 1 and SLO, = 0. There is only one registered 
configuration. All eight product terms are available as inputs to the OR gate. Data polarity is 
determined by SL1, The flip-flop is loaded on the LOW-to-HIGH transition of CLK. The feedback 
path is from Q on the register. The output buffer is enabled by OE. 


Combinatorial Configurations 

The PALCE16V8 has three combinatorial output configurations: dedicated output in a non- 
registered device, I/O in a non-registered device and I/O in a registered device. 

Dedicated Output in a Non-Registered Device | 
The control bit settings are SGO = 1, SG1 = 0 and SLO, = 0. All eight product terms are available 
to the OR gate. Although the macrocell is a dedicated output, the feedback is used, with the 
exception of pins 15 and 16. Pins 15 and 16 do not use feedback in this mode. Because CLK 


and OE are not used in a non-registered device, pins 1 and 11 are available as input signals. Pin 
1 will use the feedback path of MC;, and pin 11 will use the feedback path of MCp. 


Combinatorial I/O in a Non-Registered Device 
The control bit settings are SGO = 1, SG1 = 1, and SLO, = 1.-Only seven product terms are 
available to the OR gate. The eighth product term is used to enable the output buffer. The signal 


at the I/O pin is fed back to the AND array via the feedback multiplexer. This allows the pin to 
be used as an input. 


Because CLK and OE are not used in a non-registered ace: pins 1 and 11 are available as 
inputs. Pin 1 will use the feedback path of MC,, and pin 11 will use the feedback path of MCp. 


Combinatorial I/O in a Registered Device 
The control bit settings are SGO = 0, SG1 = 1 and SLO, = 1. Only seven product terms are available 


to the OR gate. The eighth product term is used as the output enable. The feedback signal is the 
corresponding I/O signal. 


Dedicated Input Configuration 
The control bit settings are SGO = 1, SG1 = 0 and SLO, = 1. The output buffer is disabled. Except 


for MCy and MC,, the feedback signal is an adjacent I/O. For MCy and MC,, the feedback signals — 
are pins 1 and 11. These configurations are summarized in Table 1 and illustrated in Figure 2. 


Table 1. Macrocell Configuration 


Cell Devices Cell Devices 
Configuration Emulated SLOy Configuration Emulated 


Device Uses Registers. Device Uses No Registers 


. PALIOH8, 12H6, 
Registered Output meer i reat 14H4, 16H2, 1018, 
P 1216, 1414, 1612 
sie ae a PALI2H6, 1414, 
PALIGRG, 16R4 16H2, 1216, 1414, 
me me 


| PALI mais | 
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Programmable Output Polarity 


The polarity of each macrocell can be active-high or active-low, either to match output signal 
needs or to reduce product terms. Programmable polarity allows Boolean expressions to be 
written in their most compact form (true or inverted), and the output can still be of the desired 
polarity. It can also save “DeMorganizing” efforts. 

Selection is through a programmable bit SL1, which controls an exclusive-OR gate at the output 
of the AND/OR logic. The output is active high if SL1, is 1 and active low if SL1, is 0. 
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a. Registered active low b. Registered active high 


Pe 


c. Combinatorial I/O active low d. Combinatorial 1/O active high 
Voc Voc 
Note 1 : Note 1 
e. Combinatorial output active low f. Combinatorial output active high 


Notes: 

1. Feedback is not available on pins 15 and 16 in the ae Adjacent I/O pin 
combinatorial output mode. Note 2 

2. This configuration is not available on pins 15 and 16. . 


g. Dedicated input 


; ; : 16493E-2 
Figure 2. Macrocell Configurations 
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All flip-flops power up to a logic LOW for predictable system initialization. Outputs of the 
PALCE16V8 will depend on whether they are selected as registered or combinatorial. If registered 
is selected, the output will be HIGH. If combinatorial is selected, the output will be a function 
of the logic. 


Register Preload 


Power-Up Reset 


The register on the PALCE16V8 can be preloaded from the output pins to facilitate functional 
testing of complex state machine designs. This feature allows direct loading of arbitrary states, 
making it unnecessary to cycle through long test vector sequences to reach a desired state. In 
addition, transitions from illegal states can be verified by loading illegal states and observing 
proper recovery. 


Security Bit 


A security bit is provided on the PALCE16V8 as a deterrent to unauthorized copying of the array 
configuration patterns. Once programmed, this bit defeats readback and verification of the 
programmed pattern by a device programmer, securing proprietary designs from competitors. 
The bit can only be erased in conjunction with the array during an erase cycle. 


Electronic Signature Word 


An electronic signature word is provided in the PALCE16V8 device. It consists of 64 bits of 
programmable memory that can contain user-defined data. The signature data is always available 
to the user independent of the security bit. 


Programming and Erasing 


The PALCE16V8 can be programmed on standard logic programmers. It also may be erased to 
reset a previously configured device back to its unprogrammed state. Erasure is automatically 
performed by the programming hardware. No special erase operation is required. 


Quality and Testability 


The PALCE16V8 offers a very high level of built-in quality. The erasability of the device provides 
a direct means of verifying performance of all AC and DC parameters. In addition, this verifies 
complete programmability and functionality of the device to provide the highest programming 
yields and post-programming functional yields in the industry. 
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Technology 


The high-speed PALCE16V8 is fabricated with Vantis’ advanced electrically-erasable (EE) CMOS 
process. The array connections are formed with proven EE cells. Inputs and outputs are 
designed to be compatible with TTL devices. This technology provides strong input clamp 
diodes, output slew-rate control, and a grounded substrate for clean switching. 


PCI Compliance 


PALCE16V8 devices in the -5/-7/-10 speed grades are fully compliant with the PCT Local Bus 
Specification published by the PCI Special Interest Group. The PALCE16V8’s predictable timing 
ensures compliance with the PCI AC specifications independent of the design. 


Zero-Standby Power Mode 


The PALCE16V8Z features a zero-standby power mode. When none of the inputs switch for an 
extended period (typically 50 ns), the PALCE16V8Z will go into standby mode, shutting down 
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most of its internal circuitry. The current will go to almost zero (icc < 15 pA). The outputs will 
maintain the states held before the device went into the standby mode. There is no speed 
penalty associated with coming out of standby mode. 


When any input switches, the internal circuitry is fully enabled, and power consumption returns 
to normal. This feature results in considerable power savings for operation at low to medium 
frequencies. This saving is illustrated in the Ic¢c vs. frequency graph. 


Product-Term Disable 


On a programmed PALCE16V8Z, any product terms that are not used are disabled. Power is cut 
off from the product terms so that they do not draw current. As shown in the Ic¢c vs. frequency 
graph, product-term disabling results in considerable power savings. This saving is greater at the 
higher frequencies. 


Further hints on minimizing power consumption can be found in a separate document entitled, 
Minimizing Power Consumption with Zero-Power PLDs. 
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LOGIC DIAGRAM (CONTINUED) 
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ABSOLUTE MAXIMUM RATINGS 


Storage Temperature.............. -65°C to +150°C 
Ambient Temperature 

with Power Applied .............. -55°C to +125°C 
Supply Voltage 

with Respect to Ground .......... -0.5 Vto +7.0V 
DC Input Voltage ........... -0.5 V to Vec + 0.5 V 
DC Output or I/O 

Pi VONAGE aie hw oer es eel oe -0.5 V to Vcc + 0.5 V 
Static Discharge Voltage ................, 2001 V 
Latchup Current (T, = 0°C to 75°C)... 2.0... 100 mA 


Stresses above those listed under Absolute Maximum Ratings 
may cause permanent device failure. Functionality at or above 
these limits is not implied. Exposure to Absolute Maximum Rat- 
ings for extended periods may affect device reliability. Pro- 
gramming conditions may differ. 


OPERATING RANGES 


Commercial (C) Devices 


Ambient Temperature (Ty) 

Operating in Free Air............... O°C to +75°C 
Supply Voltage (Vcc) 

with Respect to Ground......... +4.75 V to +5.25 V 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 


DC CHARACTERISTICS OVER COMMERCIAL OPERATING RANGES 


Output LOW Voltage 


Input HIGH Voltage 


Input LOW Voltage 


Input HIGH Leakage Current 


Test Description 
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Vour = 5.25 V, Voc = Max 
Vin = Vin or Vin (Note 2) 


Vout = OV, Vec = Max 
Vin = Vin or Vin (Note 2) 


Vour = 0.5 V, Voc = Max (Note 3) 


Outputs Open (Igyr = 0 mA), Vin =0V 


Outputs Open (Ipyy = 0 mA), 
Voc = Max, f = 25 MHz 


Notes: 


1. These are absolute values with respect to device ground, and all overshoots due to system or tester noise are included. 


2. VO pin leakage is the worst case of In, and Igz, Cor Inz and Ipzzy). 


3. Not more than one output should be shorted at a time, and the duration of the short-circuit should not exceed one second. 
Vour = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE! 


Parameter 
Symbol Parameter Description Test Conditions Typ 
Input Capacitance Vin = 2.0 V Vcc = 5.0 V, Ta = 25 °C, 
Output Capacitance Vout = 2.0 V f= 1 MHz | og | or 


Note: 
1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified where 
capacitance may be affected. 


SWITCHING CHARACTERISTICS OVER COMMERCIAL OPERATING RANGES! 


lo. | Input or Feedback to Combinatorial Output 5 
Setup Time from Input or Feedback to Clock 3 
4 


Parameter 


fe fsttme 
ee 
Skew Between Registered Outputs (Note 3) 
me 
Clock Width 

a 
External Feedback 1/(ts+to) 142.8 a 
passat mea waned Internal Feedback (foyy) I/(t.+tcp) (Note 5) 16 aoe 
(Note 4) 
i | | 


3 
bo) 


im |wompedaie 
Cee 


Notes: 
1. See “Switching Test Circuit” for test conditions. 


J 
1 
2 
2 


2. Output delay minimums for tpp, tco, tpzx, tpxz, tes, aNd tzp are defined under best case conditions. Future process improvements 
may alter these values, therefore, minimum values are recommended for simulation purposes only. 


3. Skew testing takes into account pattern and switching direction differences between outputs that have equal loading. 


4. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified where 
frequency may be affected. 


5. tcp is a calculated value and is not guaranteed. tc, can be found using the following equation: 
tor = 1/fyax internal feedback) — ts. . 
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ABSOLUTE MAXIMUM RATINGS 


Storage Temperature.............. -65°C to +150°C 
Ambient Temperature 

with Power Applied .............. -55°C to +125°C 
Supply Voltage 

with Respect to Ground .......... O05 Vto +7.0V 
DC Input Voltage ........... -0.5 Vto Voc + 0.5 V 
DC Output or I/O | 

Pil VOB SE eee te ld 2 -0.5V to Veo + 0.5 V 
Static Discharge Voltage ................. 2001 V 
Latchup Current (T, = -40°C to +85°C)....... 100 mA 


Stresses above those listed under Absolute Maximum Ratings 
may cause permanent device failure. Functionality at or above 
these limits is not implied. Exposure to Absolute Maximum Rat- 
ings for extended periods may affect device reliability. Pro- 
gramming conditions may differ. 


OPERATING RANGES 


Commercial (C) Devices 


Ambient Temperature (T,) 
Operating in Free Air............... O°C to +75°C 


Supply Voltage (Vcc) 
with Respect to Ground......... +4.75 V to +5.25 V 


Industrial (I) Devices 


Temperature (T,) Operating 


Pree Alice hcor eae ee a a ee es -40°C to +85°C 
Supply Voltage (Vcc) 
with Respect to Ground........... +4.5V to +5.5V 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 


DC CHARACTERISTICS OVER COMMERCIAL AND INDUSTRIAL OPERATING 


RANGES 


Output HIGH Voltage 


Commercial Supply Current 


Industrial Supply Current 


I¢¢ (Dynamic) 


Notes: 


Parameter 
Symbol Parameter Description Test Description 


Output LOW Voltage lor. = 24 mA, Vin = Vig or Vis Voc = Min 


Guaranteed Input Logical HIGH 
Ye tppu HIGH NON Voltage for all Inputs (Note 1) 
| Guaranteed Input Logical LOW 
me Input TOW Vonage Voltage for all Inputs (Note 1) 
ie tl Input HIGH Leakage Current Vin = 5.25 V, Voc = Max (Note 2) 
Input LOW Leakage Current Vin = 0 V, Voc = Max (Note 2) 


Vour = 5.25 V, Voc = Max 
Off. OUT » "CC 
ff-State Output Leakage Current HIGH Vay = Vy or Viz, (Note 2) 
Vout =0 V, Voc = Max 
Off-State Output Leakage Current LOW Vy = Viq or Vp, (Note 2) 


Output Short-Circuit Current Vour = 9.5 V, Veg = Max (Note 3) —30 


Outputs Open (Igy = 0 mA) 
Vec = Max, f= 15 MHz 
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1. These are absolute values with respect to device ground, and all overshoots due to system or tester noise are included. 
2. I/O pin leakage is the worst case of I, and Ipzz, (or Iny and Ipzpp). 


3. Not more than one output should be shorted at a time, and the duration of the short-circuit should not exceed one second. 
Vour = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE’ 


Parameter | 
Symbol Parameter Description Test Conditions Typ 
Input Capacitance Vin = 2.0V Voc = 5.0 V, Ty = 25 °C, 
our | Oupar capactance Your =20V f= 1 Mi ss | 


Note: 
1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified where 
capacitance may be affected. 


SWITCHING CHARACTERISTICS OVER COMMERCIAL AND INDUSTRIAL 
OPERATING RANGES’ 


Parameter 
Parameter Description 


a | 

a 
— 
cm) 


on 
SO fe ENTE HN] HN] &® =~ [| 
m | No 


™—I 
wn 


PZX OE to Output Enable 


OE to Output Disable 
Input to Output Enable Using Product Term Control 


Input to Output Disable Using Product Term Control 3 


2 
tpyz 2 
is 3 10 


External Feedback 
fax pea aia aac Internal Feedback (fey) I/(ts+tcp) (Note 4) 
(Note 3) 
No Feedback 1/(tyyy tty) 


—_ 
Se 


Notes: 
1. See “Switching Test Circuit” for test conditions. 


2. Output delay minimums for tpp, tco, tpzx, tpxz, tes, aNd trp are defined under best case conditions. Future process improvements 
may alter these values; therefore, minimum values are recommended for simulation purposes only. 


3. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified where 
frequency may be affected. 


4, top is a calculated value and is not guaranteed. tcp can be found using the following equation: 
tor = I/fyax Ciniernal feedback) — ts. 
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ABSOLUTE MAXIMUM RATINGS 


Storage Temperature.............. -65°C to +150°C 
Ambient Temperature 

with Power Applied .............. -55°C to +125°C 
Supply Voltage 

with Respect to Ground .......... -0.5 Vto +7.0V 
DC Input Voltage ........... -0.5 Vto Voc + 0.5 V 
DC Output or I/O 

Pit VONAGE sas ower ey ewe ties -0.5 V to Veg + 0.5 V 
Static Discharge Voltage ................. 2001 V 
Latchup Current (T, = 0°C to 75°C). ........ 100 mA 


Stresses above those listed under Absolute Maximum Ratings 
may cause permanent device failure. Functionality at or above 
these limits is not implied. Exposure to Absolute Maximum Rat- 
ings for extended periods may affect device reliability. Pro- 
gramming conditions may differ. 


OPERATING RANGES 


Commercial (C) Devices 


Ambient Temperature (T,) 
Operating in: Free: Air. > coc awd ok Gas O°C to +75°C 


Supply Voltage (Vcc) 
with Respect to Ground......... +4.75 V to +5.25 V 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 


DC CHARACTERISTICS OVER COMMERCIAL OPERATING RANGES 


Notes: 


Parameter 
Symbol Parameter Description Test Description 


Output HIGH Voltage low = -3.2 mA, Vin = Vin or Vi» Voc = Min 
Output LOW Voltage lor, = 24 mA, Vin = Vin or Viv Voc = Min 


Guaranteed Input Logical HIGH 
Vin Anput HIGH voles Voltage for all Inputs (Note 1) 
Guaranteed Input Logical LOW 
Vu input LOW Yolage Voltage for all Inputs (Note 1) 
lie Input HIGH Leakage Current Vin = 5-25 V, Vcc = Max (Note 2) P| | 


Vout = 5-25 V, Veg = Max 
i Le I OUT 3 cc 
Off-State Output Leakage Current HIGH Viy = Vy or Vp, (Note 2) 
Vout = OV, Voc = Max 
Off-State Output Leakage Current LOW Viy = Vy OF Vo, (Note 2) 


: Outputs Open (our =0 mA), 
Supply Current (Dynamic) Veo = Max, f = 15 MHz 


Pat 
as 


pe footy 


o 


1. These are absolute values with respect to device ground, and all overshoots due to system or tester noise are included. 


2. VO pin leakage is the worst case of I, and Ipz;, (or Iny and Ipzzp. 


3. Not more than one output should be shorted at a time, and the duration of the short-circuit should not exceed one second. 
Vour = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE! 


Parameter 
Symbol Parameter Description Test Conditions Typ - 
ax | pu apacane | viy=20) veg =500T, = 25°C 
Output Capacitance Vout = 2.0 V f = 1 MHz | os | or | 


Note: 
1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified where 
capacitance may be affected. 


SWITCHING CHARACTERISTICS OVER COMMERCIAL OPERATING RANGES" 


Parameter 
Parameter Description 


Input or Feedback to Combinatorial Output 
Setup Time from Input or Feedback to Clock 
Hold Time 


Clock to Output 


Clock Width 


OE to Output Enable 


OE to Output Disable 


Input to Output Enable Using Product Term Control 


Input to Output Disable Using Product Term Control 


Notes: 
1. See “Switching Test Circuit” for test conditions. 


2. Output delay minimums for tpp, tco, tpzx, tpxz, tas, aNd typ are defined under best case conditions. Future process improvements 
may alter these values, therefore, minimum values are recommended for simulation purposes only. 


3. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified where 
Srequency may be affected. 


4. tcp is a calculated value and is not guaranteed. tcp can be found using the following equation: 
tor = U/fyax (internal feedback) — ts. 
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ABSOLUTE MAXIMUM RATINGS 


Storage Temperature.............. -65°C to +150°C 
Ambient Temperature 

with Power Applied .............. -55°C to +125°C 
Supply Voltage 

with Respect to Ground .......... -0.5Vto +7.0V 
DC Input Voltage ........... 0.5 VtoVecc +05 V 
DC Output or I/O 

Pi VONASC 32 too hh et alee ate -0.5 V to Veco + 0.5 V 
Static Discharge Voltage ................. 2001 V 
Latchup Current (T, = -40°C to +85°C)....... 100 mA 


Stresses above those listed under Absolute Maximum Ratings 
may cause permanent device failure. Functionality at or above 
these limits is not implied. Exposure to Absolute Maximum Rat- 
ings for extended periods may affect device reliability. Pro- 
gramming conditions may differ. 


OPERATING RANGES 


Commercial (C) Devices 


Ambient Temperature (T,) 
Operating in: Free Alt cows shee bide O°C to +75°C 


Supply Voltage (Vcc) 
with Respect to Ground......... +4.75 V to +5.25 V 


Industrial (1) Devices 


Temperature (T,) Operating 


1) TS I a oo Gane Se ahead eae abe -40°C to +85°C 
Supply Voltage (Vcc) 
with Respect to Ground........... +45 Vtot5.5V 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 


DC CHARACTERISTICS OVER COMMERCIAL AND INDUSTRIAL OPERATING 


RANGES 


2.4 v 


lon = 3.2 mA, Vin = Vin or Vit» Voc = Min 


Input HIGH Voltage 


Input LOW Voltage 


Input HIGH Leakage Current 


Vout = 5.25 V, Voc = Max 
Vin = Vin or Vin (Note 2) 


Vout = OV, Voc = Max 
Vin = Vin or Vin (Note 2) 


Vout = 9.5 V, Voc = Max (Note 3) -30 


Outputs Open (pyr = 0 mA) 
Voc = Max, f = 15 MHz 


Notes: 


Guaranteed Input Logical HIGH 
Voltage for all Inputs (Note 1) 
Guaranteed Input Logical LOW 
Voltage for all Inputs (Note 1) 
Vin = 5.25 V, Voc = Max (Note 2) 


Vin = 0V, Voc = Max (Note 2) 


lo. = 24 mA, Vin = Vin or Vins Vcc = Min 
2.0 


0.5 


Le Bemis 


9 
1 


0 
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30 
65 


1. These are absolute values with respect to device ground, and all overshoots due to system or tester noise are included. 


2. I/O pin leakage is the worst case of In, and Ipz,, (or Ing and Ipzpy). 


3. Not more than one output should be shorted at a time, and the duration of the short-circuit should not exceed one second. 
Vout = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE! 


Parameter 
Symbol Parameter Description Test Conditions -_ Typ 
Input Capacitance Vin = 2.0V Voc = 5.0 V, Ta = 25 °C, 
Output Capacitance Vout = 2:0V f= 1 MHz ) 8 | or 
Note: 
1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified where 
capacitance may be affected. 


SWITCHING CHARACTERISTICS OVER COMMERCIAL AND INDUSTRIAL 
OPERATING RANGES’ 


Parameter 
Symbol 


Parameter Description 


Input or Feedback to Combinatorial Output 
Setup Time from Input or Feedback to Clock 12 
Hold Time 


fo 
Clock to Output . 


15 


bo 
wn 


— 
Qe 


— 
om] 
— 
bo 


Clock Width 


HIGH 


— 
— 


aN 
— 
SN 


External Feedback 1/(ts+teo) 45.5 
ore Internal Feedback U/(tg+ tp) 
fax Frequency (fey) (Note 3) 50 
(Note 2) 
a (iwommaie— 


ce 
i) 


vy 
BO 


bo 
oS 


aN 
ae 
aN 


50.0 


tpzx 
OE to Output Disable 
ER 


] 
J 


bo 
a) 


Input to Output Enable Using Product Term Control 
Pa Input to Output Disable Using Product Term Control 


>) 
5 
15 
15 


bo 
fom) 


— 
= 
bo 


Notes: 
1. See “Switching Test Circuit” for test conditions. 


2. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified where 
frequency may be affected. 


3. tcp is a calculated value and is not guaranteed. tcp can be found using the following equation: 
tor = I/fyax (internal feedback) — ts. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 

Storage Temperature.............. -65°C to +150°C Industrial (1) Devices 

Ambient Temperature Ambient Temperature (T,) 

with Power Applied .............. “55°C to +125°C Operating in Free Air.............. -40°C to +85°C 
Supply Voltage Supply Voltage (Vcc) 

with Respect to Ground .......... -0.5 Vto +7.0V with Respect to Ground........... +45 Vto +5.5V 
DC Input Voltage ........... 0.5 V to Voc + 0.5 V Operating ranges define those limits between which the func- 
DC Output or I/O Pin Voltage. . .-0.5 V to Vec + 0.5 V tionality of the device is guaranteed. 

Static Discharge Voltage ................ 2001 V 

Latchup Current (T, = -40°C to +85°C)....... 100 mA 


Stresses above those listed under Absolute Maximum Ratings 
may cause permanent device failure. Functionality at or above 
these limits is not implied. Exposure to Absolute Maximum Rat- 
ings for extended periods may affect device reliability. Pro- 
gramming conditions may differ. 


DC CHARACTERISTICS OVER INDUSTRIAL OPERATING RANGES 


Parameter 
Symbol Parameter Description Test Description 


You Output HIGH Voltage Viv = Vin OF Vip» Veg = Min = (eae a 


Guaranteed Input Logical HIGH 
Input HIGH Yoltage Voltage for all Inputs (Notes 1 and 2) 


< 


"O 
= 
r 
i) 
MD 
<, 
am) 
© 
7) 


Guaranteed Input Logical LOW 
Hine LOW- Nolan Voltage for all Inputs (Notes 1 and 2) 


Co 
Tw _-—_| Input HIGH Leakage Current Vin = 5.25 V, Voc = Max (Note 3) aaa 
a a 


= 


0 
Input LOW Leakage Current Vin = 0 V, Voc = Max (Note 3) = 


Vour = 5.25 V, Voc = Max 
Off-State Output Leakage Current HIGH Viy = Vyq Or Vp, (Note 3) 
Vour = 9 V, Voc = Max 
I ff. L OUT » ‘CC 
Off-State Output Leakage Current LOW Viy = Vy Or Vp, (Note 3) 


V 
V 
V 
V 
V 
Ouipul Shor-Gireut Garren Voor = 0.5 ¥ Veg = Max (Note 4 
wet cet ao Opus Open (gg-=oma) (fom | ———*|—«so | 
Supply Current (Dynamic) Voc = Max f= ae | ma | 
Notes: 


1. These are absolute values with respect to device ground, and all overshoots due to system or tester noise are included. 
. Represents the worst case of HC and HCT standards, allowing compatibility with either. 


= 


= 


& 


= 


3 


1 
1 
1 
5 


S 


2 
3. YO pin leakage is the worst case of I, and Ipz; (or Inyz and Ipzzy). 
4 


. Not more than one output should be shorted at a time, and the duration of the short-circuit should not exceed one second. 
Vout = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE" 


Parameter | 
Symbol Parameter Description Test Conditions Typ 
Input Capacitance Vin = 2.0 V Voc = 5.0 V, Ty = 25 °C, ) os | opr | 
Output Capacitance | Vout = 2:0 V f= 1 MHz 


Note: 
1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified where 
capacitance may be affected. 


SWITCHING CHARACTERISTICS OVER INDUSTRIAL OPERATING RANGES! 


Parameter 
Symbol Parameter Description 


Input or Feedback to Combinatorial Output (Note 2) 


Setup Time from Input or Feedback to Clock Fs | | ns | 


Hold Time 


Cock Ope 


Clock Width 


Maximum Frequency 
(Notes 3 and 4) Internal Feedback (foyr) iste) =| H(tg+tcg) ae 


OE to Output Enable 
OE to Output Disable 
Input to Output Enable Using Product Term Control 
Input to Output Disable Using Product Term Control 


Notes: 
1. See “Switching Test Circuit” for test conditions. 


2. This parameter is tested in standby mode. 


3. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified where 
frequency may be affected. 


4. Output delay minimums for tpp, tco, tpzx, tpxz, ts, aNd tgp are defined under best case conditions. Future process improvements 
may alter these values therefore, minimum values are recommended for simulation purposes only. 


5. tcp is a calculated value and is not guaranteed. tcr can be found using the following equation: 
tor = U/fyax (internal feedback) — ts. 


266 PALCE16V8Z-12 (Ind) 


VV 


ABSOLUTE MAXIMUM RATINGS 


Storage Temperature.............. -65°C to +150°C 
Ambient Temperature 

with Power Applied .............. -55°C to +125°C 
Supply Voltage 

with Respect to Ground .......... O5Vto +7.0V 
DC Input Voltage ........... -0.5 V to Veo + 0.5 V 
DC Output or I/O Pin Voltage. . .-0.5 V to Veg + 0.5. V 
Static Discharge Voltage ...............0.. 2001 V 
Latchup Current (Ty, = -40°C to +85°C)....... 100 mA 


Stresses above those listed under Absolute Maximum Ratings 
may cause permanent device failure. Functionality at or above 
these limits is not implied. Exposure to Absolute Maximum Rat- 
ings for extended periods may affect device reliability. Pro- 
gramming conditions may differ. 


OPERATING RANGES 


Industrial (I) Devices 


Ambient Temperature (T,) 

Operating in Free Air.............. -40°C to +85°C 
Supply Voltage (Vcc) 

with Respect to Ground........... +45 V to +5.5V 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 


DC CHARACTERISTICS OVER INDUSTRIAL OPERATING RANGES 


Output LOW Voltage 


Supply Current (Dynamic) Voc = Max 


Notes: 


Parameter 
Symbol Parameter Description Test Description 
Output HIGH Voltage Vin = Viq OF Viz, Voc = Min 


Vin = Vin OF Viz, Voc = Min 


Guaranteed Input Logical HIGH 
tapun GH Noliage Voltage for all Inputs (Notes 1 and 2) 
Guaranteed Input Logical LOW 
tape a VOMeee Voltage for all Inputs (Notes 1 and 2) 


Vout = 5.25 V, Veco = Max 
ff OUT » "CC 
fo Off-State Output Leakage Current HIGH Vin = Vy of Vp, (Note 3) 
Vour = 9 V, Voc = Max 
ff. OUT » "CC 
loz Off-State Output Leakage Current LOW Viy = Vyq or Vp, (Note 3) 


Output Short-Circuit Current Vour = 9.5 V, Voc = Max (Note 4) 
Supply Current (Static) Outputs Open (Igy = 0 mA) f = 0 MHz 
C 


fea=6ma [see 
fog=209A | Ye-v | 
fume [i os 


1. These are absolute values with respect to device ground, and all overshoots due to system or tester noise are included. 


. Represents the worst case of HC and HCT standards, allowing compatibility with either. 


Be 
3. VO pin leakage is the worst case of Ij, and Ipz; (or Iny and Ip77)). 
4 


. Not more than one output should be shorted at a time, and the duration of the short-circuit should not exceed one second. 
Vour = 0.5 V bas been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE! 


Parameter 
Symbol Parameter Description Test Conditions Typ 
Input Capacitance Vin = 2.0V Voc = 5.0 V, Ta = 25 °C, 
Output Capacitance Vout = 2.0V f= 1 MHz ) 8 | opr | 


Note: : 
1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified where 
capacitance may be affected. 


SWITCHING CHARACTERISTICS OVER INDUSTRIAL OPERATING RANGES! 


Parameter 
Parameter Description 


Input or Feedback to Combinatorial Output S| ws | 
Setup Time from Input or Feedback to Clock 


Hold Time 


Frequency (Notes 3 


and 4) 
1/ (ty tty) 


OE to Output Enable 


OE to Output Disable 
Input to Output Enable Using Product Term Control 


Input to Output Disable Using Product Term Control 


Notes: 
1. See “Switching Test Circuit” for test conditions. 


2. This parameter is tested in standby mode. 


3. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified where 
JSrequency may be affected. 


4. tcris a calculated value and is not guaranteed. tc, can be found using the following equation: 
tor = UVfyax Cinternal feedback) — ts. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 

Storage Temperature.............. -65°C to +150°C Commercial (C) Devices 

Ambient Temperature Ambient Temperature (T,) 

with Power Applied .............. -55°C to +125°C Operating in Free Air............... 0°C to +75°C 
Supply Voltage Supply Voltage (Vcc) 

with Respect to Ground .......... 0.5 Vto +7.0V with Respect to Ground......... +4.75 V to +5.25 V 
DC Input Voltage ........... -0.5 V to Veo + 0.5 V Industrial (1) Devices 

DC Output or I/O Pin Voltage. . .-0.5 V to Vec + 0.5 V Temperature CT.) Operating 

Static Discharge Voltage ................. 2001 V - in Free Airt..........-- 0c cee eee -40°C to +85°C 
Latchup Current (T, = -40°C to +85°C)....... 100 mA Supply Voltage (Vcc) 

Stresses above those listed under Absolute Maximum Ratings with Respect to Ground........... +4.5 V to +5.5 V 


may cause permanent device failure. Functionality at or above 
these limits is not implied. Exposure to Absolute Maximum Rat- 
ings for extended periods may affect device reliability. Pro- 
gramming conditions may differ. 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 


DC CHARACTERISTICS OVER COMMERCIAL AND INDUSTRIAL OPERATING 
RANGES 


Parameter 
Symbol Parameter Description Test Description 
Output HIGH Voltage Vin = Vin or Vit» Voc = Min al [eee I ae 
Toy = 20 pA Voc — 0.1 V 


lor. = 24 mA 
Output LOW Voltage Vin = Vin or Vin» Voc = Min 


| Igy, = 20 pA 


fg 


<a 
spy 
a 


V 
V 
V 
V 
| | 
pw | 


mA 
pA 


oo 
os 


im) 
> 
r= 
ow) 
@ 
Ss. 
(ga) 
a) 

nf) 


Guaranteed Input Logical LOW 
Input LOW Voltage Voltage for all Inputs (Notes 1 and 2) 
Input HIGH Leakage Current Vin = 5.25 V, Vcc = Max (Note 3) 
Input LOW Leakage Current Vin = 9 V, Voc = Max (Note 3) | 


Vout = 5.25 V, Vec = Max 
Off-State Output Leakage Current HIGH Vin = Vy or Vy, (Note 3) 
Vour = 9 V, Voc = Max 
, State 0 L OUT » Yc 
Off-State Output Leakage Current LOW Vin = Vyq of Vy, (Note 3) 


Output Short-Circuit Current Vour = 9.5 V, Voc = Max (Note 4) —30 -150 
I Supply Current (Static) Outputs Open (Ipyy = 0 mA) f = 0 MHz 
Supply Current (Dynamic) Voc = Max f = 25 MHz 


Notes: 
1. These are absolute values with respect to device ground, and all overshoots due to system or tester noise are included. 


= 


= 


0 


9 
0 
0 
0 


& 


= 


1 
1 
1 
1 
9 


5 
0 


5 


2. Represents the worst case of HC and HCT standards, allowing compatibility with either. 
3. VO pin leakage is the worst case of I, and Ipz;, (or Inz and Ipzz)). 
4 


. Not more than one output should be shorted at a time, and the duration of the short-circuit should not exceed one second. 
Vour = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE! 7 

Parameter 

Symbol Parameter Description Test Conditions Typ 
Input Capacitance | Vin=2.0V - Vcc = 5.0 V, Ta = 25 °C, | 
as Vour= 20 f= 1M et ae 


Note: 
1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified where 
capacitance may be affected. 


SWITCHING CHARACTERISTICS OVER COMMERCIAL AND INDUSTRIAL 
OPERATING RANGES’ 


Parameter 
Symbol Parameter Description 


bo 
Nn 
N 


Input or Feedback to Combinatorial Output (Note 3) 


Setup Time from Input or Feedback to Clock : 


Hold Time 


— 
So 
ie) Nn 


=) 


Nn DN DN 


Maximum 
Frequency (Notes 4 5 


0 
and 5) 


=) 


nN 
—D —D Nn DN 


N |] N 
Nn 


nN 
Nn 


Notes: 
1. See “Switching Test Circuit” for test conditions. 


This parameter is tested in standby mode. 


Zn 
3. This parameter is tested in Standby Mode. When the device is not in Standby Mode, the tpp will typically be 2 ns faster. 
4 


These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified where 
frequency may be affected. 


5. tcp is a calculated value and is not guaranteed. tc, can be found using the following equation: 
tor = U/fyax (internal feedback) — ts. 
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SWITCHING WAVEFORMS 
Input or 
Feedback ut 
Input or 
Feedback VT ts tH 
tpp Vr 
Combinatorial Clock tco 
Output “I 
Registered Vv 
16493E-3 Output T 
16493E-5 


b. Registered output 


a. Combinatorial output 


Input 
tWH 


Clock VT Output 


twe 
16493E-6 


16493E-4 ; 
d. Input to output disable/enable 


c. Clock width 


OE 


“u 
> 
| came 
a | 
ra) 
<. 
vm) 
ra) 
—~n 


Output 


16493E-7 


e. OE to output disable/enable 


Notes: 
1. Vr=1.5V 
2. Input pulse amplitude O V to 3.0 V. 


3. Input rise and fall times 2 ns to 5 ns typical. 
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KEY TO SWITCHING WAVEFORMS 


WAVEFORM INPUTS OUTPUTS 


Must be Will be 
Steady Steady 


May Will be 
Change Changing 
from H to L from H to L 


May Will be 

Change Changing 

from L to H from L to H 
\/ XXX \/ Don't Care, Changing, 
IV AVAVAVAVA\ Any Change State 


Permitted Unknown 


Does Not Center 
Apply Line is High- 
Impedance 


“Off” State 


KS000010-PAL 


SWITCHING TEST CIRCUIT 
5V 
S4 
Ry 
Output Test Point 
Ro CL 


16493E-8 


ae 
390 Q 
pe 
H > Z: Voy — 0.5 V 
sauna 


| LEN 05V | | LEN 05V | 
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TYPICAL I¢c CHARACTERISTICS 
Voc = 5 Vi Ta = 25°C 


150 
125 16V8H-5 
100 
16V8H-7 
é 
3 !UC«S __ 16V8H-10 
ae ew 16V8H-15/25 
16V8Z-12/15 
50 a”) 
16V8Q-10/15/25 pa 
ws) 
@m 
< 
16V8Z-25 a 
(a>) 
25 7 
0 
0 10 20 30 40 50 


Frequency (MHz) 16493E-9 


Icc vS. Frequency 
The selected “typical” pattern utilized 50% of the device resources. Half of the macrocells were programmed as registered, and the 
other half were programmed as combinatorial. Half of the available product terms were used for each macrocell. On any vector, half 
of the outputs were switching. 
By utilizing 50% of the device, a midpoint ts defined for I¢c. From this midpoint, a designer may scale the Icc graphs up or down to 
estimate the Inc requirements for a particular design. 
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ENDURANCE CHARACTERISTICS 


The PALCE16V8 is manufactured using Vantis’ advanced electrically-erasable (EE) CMOS process. 
This technology uses an EE cell to replace the fuse link used in bipolar parts. As a result, the 
device can be erased and reprogrammed—a feature which allows 100% testing at the factory. 


Min Pattern Data Retention Time 
Min Reprogramming Cycles Normal Programming Conditions | 100 | yes | 
ROBUSTNESS FEATURES 


PALCE16V8X-X/5 devices have some unique features that make them extremely robust, 
especially when operating in high-speed design environments. Pull-up resistors on inputs and 
I/O pins cause unconnected pins to default to a known state. Input clamping circuitry limits 
negative overshoot, eliminating the possibility of false clocking caused by subsequent ringing. 
A special noise filter makes the programming circuitry completely insensitive to any positive 
overshoot that has a pulse width of less than about 100 ns for the /5 versions. Selected /4 devices 
are also being retrofitted with these robustness features. 


INPUT/OUTPUT EQUIVALENT SCHEMATICS FOR PALCE16V8 


Vec Vec 
De 
> 50 kQ 
l 
i 
! 
I 
5 ESD | Programming = =o 
rotection ins Onl rogramming ositive . 
and a ee : Voltage | Overshoot pig amine 
Clamping , Detection | Filter y 
Typical Input 


Voc Voc 


Provides ESD 
Protection and 
Clamping 


Preload Feedback 
= Circuitry ‘Input 


16493E-10 
Typical Output 
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INPUT/OUTPUT EQUIVALENT SCHEMATICS FOR PALCE16V8Z 


Voc 
I 
| 
| 
l 
ESD Input | Programming = —_— — 
Protection Transition | Pins Only {Programming} Positive Programming 
and Detection ~~ 7 7 7 7 7 | Voltage | Overshoot Circuitry 
Clamping Detection , Filter 
Typical input 


16493E-11 


Provides ESD 
Protection and 
Clamping 


Preload Feedback Input 
= Circuitry Input Transition 
Detection 


Typical Output 


ma?) 
> 
nae 
O 
rae) 
<, 
ra 
rae) 
rn 


POWER-UP RESET 


The PALCE16V8 has been designed with the capability to reset during system power-up. 
Following power-up, all flip-flops will be reset to LOW. The output state will be HIGH 
independent of the logic polarity. This feature provides extra flexibility to the designer and is 
especially valuable in simplifying state machine initialization. A timing diagram and parameter 
table are shown below. Due to the synchronous operation of the power-up reset and the wide 
range of ways Vcc can rise to its steady state, two conditions are required to ensure a valid 
power-up reset. These conditions are: 


@ The Vcc rise must be monotonic. 


@ Following reset, the clock input must not be driven from LOW to HIGH until all applicable input 
and feedback setup times are met. 


lp Input or Feedback Setup Time 
See Switching Characteristics 
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4V , Voc 
Power 
tpR 

Registered 

Output 

ts 
Clock 
tWL 16493E-12 


Figure 3. Power-Up Reset Waveform 


TYPICAL THERMAL CHARACTERISTICS 


Measured at 25°C ambient. These parameters are not tested. 


Parameter 


Parameter Description 


Thermal impedance, junction to case 
Thermal impedance, junction to ambient 


Plastic 6;, Considerations 


The data listed for plastic 0;, are for reference only and are not recommended for use in calculating junction temperatures. The 
heat-flow paths in plastic-encapsulated devices are complex, making the @,. measurement relative to a specific location on the pack- 
age surface. Tests indicate this measurement reference point ts directly below the die-attach area on the bottom center of the package. 
Furthermore, 0;, tests on packages are performed in a constant-temperature bath, keeping the package surface at a constant tem- 
perature. Therefore, the measurements can only be used in a similar environment. : 
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CONNECTION DIAGRAMS 
Top View 


DIP/SOIC 


16493E-9 


Note: 


Pin 1 is marked for orientation. 16493E-10 


PIN DESIGNATIONS 2 
CLK = Clock > 
GND = Ground <. 
I = Input B 
/O = Input/Output 

OE = Output Enable 


Vcc = Supply Voltage 
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ORDERING INFORMATION 


Commercial and Industrial Products 


Vantis programmable logic products for commercial and industrial applications are available with several ordering options. The 
order number (Valid Combination) is formed by a combination of: 


PAL CE 16V8H -5SJCS5 


FAMILY TYPE 

PAL = Programmable Array Logic 
TECHNOLOGY 
CE = CMOS Electrically Erasable 


PROGRAMMING DESIGNATOR 
Blank = Initial Algorithm 


NUMBER OF /4 = First Revision 
ARRAY INPUTS /5 = Second Revision 
OUTPUT TYPE (Same Algorithm as /4) 
V = Versatile 
NUMBER OF OUTPUTS 
POWER | OPERATING CONDITIONS 
H = Half Power (90-125 mA I¢c) c i: Cominerce! Oe . tO 
Q = Quarter Power (55 mA Ic.) I = Industrial (-40°C to +85°C) 
Z = Zero Power (15 pA Icc Standby) PACKAGE TYP cE 
P = 20-Pin Plastic DIP (PD 020) 
5 = 5ns tpp J = 20-Pin Plastic Leaded Chip 
-7 = 7.5 ns tpp Carrier (PL 020) 
-10 = 10 ns tpp S = 20-Pin Plastic Gull-Wing 
-12 = 12 nstpp Small Outline Package (SO 020) 
-15 15 ns tpp 
-20 = 20 ns tpp 
-25 = 25 ns tpp 


Valid Combinations 


Jc 


Valid Combinations lists configurations planned to be 
supported in volume for this device. Consult the local Vantis 
sales office to confirm availability of specific valid 
combinations and to check on newly released combinations. 


4 
accom [ei] 
paceomon [mk 
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FINAL COM’L:-10 IND:-20 
PALLV16V8-10 & PALLV16V8Z-20 


| BEYOND PERFORMANCE Low Voltage, Zero Power 20-Pin EE CMOS 
Universal Programmable Array Logic 


DISTINCTIVE CHARACTERISTICS 


@ Low-voltage operation, 3.3 V JEDEC compatible 
ae Vcc = +3.0 V to +3.6V 


@ Pin and function compatible with all 20-pin PAL® devices 

@ Electrically-erasable CMOS technology provides reconfigurable logic and full testability 
@ Direct plug-in replacement for the PAL16R8 series 

@ Designed to interface with both 3.3-V and 5-V logic 

@ Outputs programmable as registered or combinatorial in any combination 

@ Programmable output polarity 

@ Programmable enable/disable control 

@ Preloadable output registers for testability 

@ Automatic register reset on power up 

@ Cost-effective 20-pin plastic DIP, PLCC, and SOIC packages © 

@ Extensive third-party software and programmer support 

@ Fully tested for 100% programming and functional yields and high reliability 
GENERAL DESCRIPTION 


The PALLV16V8 is an advanced PAL device built with low-voltage, high-speed, electrically-erasable 
CMOS technology. It is functionally compatible with all 20-pin GAL devices. The macrocells 
provide a universal device architecture. The PALLV16V8 will directly replace the PAL16R8, with the 
exception of the PAL16C1. 


The PALLV16V8Z provides zero standby power and high speed. At 30-1A maximum standby 
current, the PALLV16V8Z allows battery powered operation for an extended period. 


The PALLV16V8 utilizes the familiar sum-of-products (AND/OR) architecture that allows users to 
implement complex logic functions easily and efficiently. Multiple levels of combinatorial logic can 
always be reduced to sum-of-products form, taking advantage of the very wide input gates 
available in PAL devices. The equations are programmed into the device through floating-gate cells 
in the AND logic array that can be erased electrically. 


The fixed OR array allows up to eight data product terms per output for logic functions. The sum 
of these products feeds the output macrocell. Each macrocell can be programmed as registered or 
combinatorial with an active-high or active-low output. The output configuration is determined by 
two global bits and one local bit controlling four multiplexers in each macrocell. 


Publication? 17713 Rev: E 
Amendment/0 Issue Date: November 1998 


- 
> 
a 
7) 
a>) 
=. 
am) 
@ 
7A 


BLOCK DIAGRAM 
I, - le CLK/ig 
8 
hv, \/ 


Bees fi Array 


a Ee ey BEI a ET E 
/\ 


UV YY YM Ye 


OEg WO 0, 0. 03 0, V/Os 06 VOr 17743D-1 


FUNCTIONAL DESCRIPTION 


The PALLV16V8 is a low-voltage, EE CMOS version of the PALCE16V8. 


The PALLV16V8Z is a low-voltage, EE CMOS version of the PALCE16V8. In addition, the 
PALLV16V8Z has zero standby power and an unused product term disable feature for reduced 
power consumption. 


The PALLV16V8 is a universal PAL device. It has eight independently configurable macrocells 
(MCp-MC,;). Each macrocell can be configured as registered output, combinatorial output, 
combinatorial I/O or dedicated input. The programming matrix implements a programmable AND 
logic array, which drives a fixed OR logic array. Buffers for device inputs have complementary 
outputs to provide user-programmable input signal polarity. Pins 1 and 11 serve either as array 
inputs or as clock (CLK) and output enable (OE), respectively, for all flip-flops. 


Unused input pins should be tied directly to Vcc or GND. Product terms with all bits 
unprogrammed (disconnected) assume the logical HIGH state and product terms with both true 
and complement of any input signal connected assume a logical LOW state. 


The programmable functions on the PALLV16V8 are automatically configured from the user’s 
design specification. The design specification is processed by development software to verify the 
design and create a programming file. This file, once downloaded to a programmer, configures the 
device according to the user’s desired function. 
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The user is given two design options with the PALLV16VS8. First, it can be programmed as a 
standard PAL device from the PAL16R8 and PAL10H8 series. The PAL programmer manufacturer 
will supply device codes for the standard PAL device architectures to be used with the PALLV16V8. 
The programmer will program the PALLV16V8 in the corresponding architecture. This allows the 
user to use existing standard PAL device JEDEC files without making any changes to them. 
Alternatively, the device can be programmed as a PALLV16V8. Here the user must use the 
PALLV16V8 device code. This option allows full utilization of the macrocell. 


To 
Adjacent 
Macrocell 


From 
Adjacent 
in 


*In macrocells MCg and MC, SG1 is replaced by SGO on the feedback multiplexer. 17713D-004 
Figure 1. PALLV16V8 Macrocell 


CONFIGURATION OPTIONS 


Each macrocell can be configured as one of the following: registered output, combinatorial output, 
combinatorial I/O, or dedicated input. In the registered output configuration, the output buffer is 
enabled by the OE pin. In the combinatorial configuration, the buffer is either controlled by a 


product term or always enabled. In the dedicated input configuration, it is always disabled. With | 


the exception of MCy and MC,, a macrocell configured as a dedicated input derives the input signal 
from an adjacent I/O. MCp derives its input from pin 11 (OE) and MC, from pin 1 (CLK). 


The macrocell configurations are controlled by the configuration control word. It contains 2 global 
bits (SGO and SG1) and 16 local bits (SLO, through SLO, and SL1, through SL15). SGO determines 
whether registers will be allowed. SG1 determines whether the PALLV16V8 will emulate a PAL16OR8 
family. Within each macrocell, SLO,, in conjunction with SG1, selects the configuration of the 


macrocell, and SL1, sets the output as either active low or active high for the individual macrocell. 


The configuration bits work by acting as control inputs for the multiplexers in the macrocell. There 
are four multiplexers: a product term input, an enable select, an output select, and a feedback 
select multiplexer. SG1 and SLO, are the control signals for all four multiplexers. In MCy and MC,, 
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SGO replaces SG1 on the feedback multiplexer. This accommodates CLK being the adjacent pin for 
MC, and OE the adjacent pin for MCp. 


Registered Output Configuration 


The control bit settings are SGO = 0, SG1 = 1 and SLO,=0. There is only one registered 
configuration. All eight product terms are available as inputs to the OR gate. Data polarity is 
determined by SL1,, The flip-flop is loaded on the LOW-to-HIGH transition of CLK. The feedback 
~ path is from Q on the register. The output buffer is enabled by OE. 


Combinatorial Configurations 


The PALLV16V8 has three combinatorial output configurations: dedicated output in a non- 
registered device, I/O in a non-registered device and I/O in a registered device. 


Dedicated Output In a Non-Registered Device 


The control bit settings are SGO = 1, SG1 = 0 and SLO,=0. All eight product terms are available to 
the OR gate. Although the macrocell i is a dedicated output, the feedback is used, with the exception 
of MC; and MC,. MC; and MC, do not use feedback in this mode. Because CLK and OE are not 
used in a non-registered device, pins 1 and 11 are available as input signals. Pin 1 will use the 
feedback path of MC,, and pin 11 will use the feedback path of MC. 


Combinatorial I/O In a Non-Registered Device 


The control bit settings are SGO = 1, SG1 = 1, and SLO,,=1. Only seven product terms are available 
to the OR gate. The eighth product term is used to enable the output buffer. The signal at the I/O 
pin is fed back to the AND array via the feedback multiplexer. This allows the pin to be used as 
an input. 


Because CLK and OE are not used in a non-registered device, pins 1 and 11 are available as inputs. 
Pin 1 will use the feedback path of MC,, and pin 11 will use the feedback path of MCp. 
Combinatorial I/O in a Registered Device | | 


The control bit settings are SGO = 0, SG1 = 1 and SLO,=1. Only seven product terms are available 
to the OR gate. The eighth product term is used as the output enable. The feedback signal is the 
corresponding I/O signal. 


Dedicated Input Configuration 


The control bit settings are SGO = 1, SG1 = 0 and SLO,=1. The output buffer is disabled. Except for 
MC, and MC,, the feedback signal is an adjacent I/O. For MC, and MC,, the feedback signals are 
pins 1 and 11. These configurations are summarized in Table 1 and illustrated in Figure 2. 
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Table 1. Macrocell Configuration 


Cell Devices Cell Devices 
SLO, | Configuration Emulated SLOy | Configuration Emulated 
Device Uses Registers Device Uses No Registers 
PALIOH8, 12H6, 
ice ee i 14H4, 16H2, 1018, 1216, 
P 1414, 1612 
Combinatorial PAL12H6, 14H4, 16H2, 1216, 
Combinatorial 


Programmable Output Polarity 


Combinatorial 
Output 


The polarity of each macrocell can be active-high or active-low, either to match output signal 
needs or to reduce product terms. Programmable polarity allows Boolean expressions to be written 
in their most compact form (true or inverted), and the output can still be of the desired polarity. 
It can also save “DeMorganizing” efforts. | 


Selection is through a programmable bit SL1, which controls an exclusive-OR gate at the output 
of the AND/OR logic. The output is active high if SL1, is 1 and active low if SL1,, is 0. 
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a. Registered active low b. Registered active high 


c. Combinatorial I/O active low d. Combinatorial I/O active high 
Voc Vcc 
| Note 1 Note 1 
e. Combinatorial output active low f. Combinatorial output active high 


Notes: 
1. Feedback is not available on pins 15 and 16 in the = Adjacent I/O pin 
combinatorial output mode. Note 2 


2. The dedicated-input configuration is not available 17713D-5 
on pins 15 and 16. : . g. Dedicated input 


Figure 2. Macrocell Configurations 
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The PALLV16V8 has an operating voltage range of 3.0V to 3.6 V. Low voltage allows for lower 
Operating power consumption, longer battery life, and/or smaller batteries for notebook 


Benefits of Lower Operating Voltage 


applications. The PALLV16V8 inputs accept up to 5.5 V, so they are safe for mixed voltage design. 


Because power is proportional to the square of the voltage, reduction of the supply voltage from 
5.0 V to 3.3 V significantly reduces power consumption. This directly translates to longer battery 
life for portable applications. Lower power consumption can also be used to reduce the size and 
weight of the battery. Thus, 3.3-V designs facilitate a reduction in the form factor. 


A lower operating voltage results in a reduction of I/O voltage swings. This reduces noise 
generation and provides a less hostile environment for board design. A lower operating voltage 
also reduces electromagnetic radiation noise and makes obtaining FCC approval easier. 


Power-Up Reset 


All flip-flops power up to a logic LOW for predictable system initialization. Outputs of the 
PALLV16V8 will depend on whether they are selected as registered or combinatorial. If registered 
is selected, the output will be HIGH. If combinatorial is selected, the output will be a function of 
the logic. 


Register Preload 


The register on the PALLV16V8 can be preloaded from the output pins to facilitate functional testing 
of complex state machine designs. This feature allows direct loading of arbitrary states, making it 
unnecessary to cycle through long test vector sequences to reach a desired state. In addition, 
transitions from illegal states can be verified by loading illegal states and observing proper 
recovery. 


The preload function is not disabled by the security bit. This allows functional testing after the 
security bit is programmed. 


Security Bit 


A security bit is provided on the PALLV16V8 as a deterrent to unauthorized copying of the array 

configuration patterns. Once programmed, this bit defeats readback of the programmed pattern by 
a device programmer, securing proprietary designs from competitors. However, programming and 
verification are also defeated by the security bit. The bit can only be erased in conjunction with 

the array during an erase cycle. 


Electronic Signature Word 


An electronic signature word is provided in the PALLV16V8 device. It consists of 64 bits of 
programmable memory that can contain user-defined data. The signature data is always available 
to the user independent of the security bit. 


Programming and Erasing 


The PALLV16V8 can be programmed on standard logic programmers. It also may be erased to reset 
a previously configured device back to its unprogrammed state. Erasure is automatically performed 
by the programming hardware. No special erase operation is required. 
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Quality and Testability 


The PALLV16V8 offers a very high level of built-in quality. The erasability if the device provides a 
direct means of verifying performance of all the AC and DC parameters. In addition, this verifies 
complete programmability and functionality of the device to yield the highest programming yields 
and post-programming function yields in the industry. | 


Tech nology 


The high-speed PALLV16V8Z is fabricated with Vantis’ advanced electrically-erasable (EE) CMOS 
process. The array connections are formed with proven EE cells. This technology provides strong 
input-clamp diodes and a grounded substrate for clean switching. 


Zero-Standby Power Mode 


The PALLV16V8 features a zero-standby power mode. When none of the inputs switch for an 
extended period (typically 50 ns), the PALLV16V8Z will go into standby mode, shutting down most 
of its internal circuitry. The current will go to almost zero (I¢c < 30 uA). The outputs will maintain 
the states held before the device went into the standby mode. There is no speed penalty associated 
with coming out of standby mode. 


When any input switches, the internal circuitry is fully enabled, and power consumption returns 
to normal. This feature results in considerable power savings for operation at low to medium 
frequencies. This saving is illustrated in the Ic¢c vs. frequency graph. 


The PALLV16V8Z-20 has the free-running-clock feature. This means that if one or more registers 
are used, switching only the CLK will not wake up the logic array or any macrocell. The device 

will not be in standby mode because the CLK buffer will draw some current, but dynamic I¢¢ will 
typically be less than 2 mA. 


Product-Term Disable 


On a programmed PALLV16V8Z, any product terms that are not used are disabled. Power is cut off 
from these product terms so that they do not draw current. As shown in the Ic¢c vs. frequency 
graph, product-term disabling results in considerable power savings. This saving is eae at the 
higher frequencies. 


Further hints on minimizing power consumption can be found in a separate document entitled, 
Minimizing Power Consumption with Zero-Power PLDs. 
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LOGIC DIAGRAM 
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LOGIC DIAGRAM (CONTINUED) 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 

Storage Temperature.............. -65°C to +150°C Commercial (C) Devices 

Ambient Temperature Ambient Temperature (T,) 

with Power Applied .............. -55°C to +125°C Operating in Free Air............... O°C to +75°C 
Supply Voltage with Supply Voltage (Vcc) 

Respect to Ground ............... -0.5 Vto +7.0 V with Respect to Ground........... +3.0 V to +3.6 V 
DC Input Voltage ................. O05 Vto5.5 V Operating ranges define those limits between which the — 


DC Output or I/O functionality of the device is guaranteed. 


Pint Voltages ec 5 otiew dct oh a's, 2 Saves -0.5Vto5.5 V 
Static Discharge Voltage ................. 2001 V 


Latch-up Current 
Clie =O GNO./ 95°C) te sce sat andra eed eu ek 100 mA 


Stresses above those listed under Absolute Maximum Ratings 
may cause permanent device failure. Functionality at or above 
these limits is not implied. Exposure to Absolute Maximum 
Ratings for extended periods may affect device reliability. 
Programming conditions may differ. 


DC CHARACTERISTICS OVER COMMERCIAL OPERATING RANGES 


Parameter 
Symbol Parameter Description Test Conditions 


fee fo | 


V 
loy = —75 mA Voc - 0.2 V V 


or 


Vin = Vin OF Viz 
Voc = Min 


Vin = Voy OF Viz 
Voc = Min . 
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Output Short-Circuit Current Vout = 9.5 V, Voc = Max (Note 3) 
Supply Current Outputs Open (Ipyy = 0 mA), Voc = Max, f = 15 MHz (Note 4) p55 | ma | 
Notes: 


1. These are absolute values with respect to device ground, and all overshoots due to system or tester noise are included. 


2. I/O pin leakage is the worst case of In, and Ipz; (or In, and Ipzy). 


3. Not more than one output should be shortened at a time, and the duration of the short-circuit should not exceed one second. 
Vour = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 


4. This parameter is guaranteed worst case under test conditions. Refer to the Icc us. frequency graph for typical measurements. 
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CAPACITANCE ! 


Gy «Input Capacitance =| Capacitance Wy=20v | = Wy=20v | OV Vec - 3.3 V, Ty = 25°C, 


oa Your=20v [f= 1M 


Note: 
1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified where 
capacitance may be affected. 


SWITCHING CHARACTERISTICS OVER COMMERCIAL OPERATING RANGES ! 


Parameter 
Symbol Parameter Description 


Bani Input or Feedback to Combinatorial Output (Note 2) 
Setup Time from Input or Feedback to Clock 


Hold Time 


Clock Width 


Maximum Frequency 
(Notes 2 and 3) 


Notes: 


1. See “Switching Test Circuit” for test conditions. 
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2. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified where 
frequency may be affected. 


3. top is a calculated value and is not guaranteed. tc, can be found using the following equation: 
tor = I/fyax Cinternal feedback) - tS. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature.............. -65°C to +150°C Industrial (I) Devices 

Ambient Temperature Ambient Temperature (Ty). ......... -40°C to +85°C 
with Power Applied .............. -55°C to +125°C Supply Voltage (Voc) with 

Supply Voltage with Respect to Ground............... +3.0'V to +3.6 V 
Respect to Ground ............... “0.5 V to +7.0 V Operating ranges define those limits between which the 

DC Input Voltage ...........0.000. 0.5Vto5.5V functionality of the device is guaranteed. 

DC Output or I/O 

Pin VOUASEG wut < este epee tee awe ord O05 Vto5.5V 

Static Discharge Voltage ................. 2001 V 


Latch-up Current 
CT = 40"C10 55°C) se ck eats Soh dees 100 mA 


Stresses above those listed under Absolute Maximum Ratings 
may cause permanent device failure. Functionality at or above 
these limits is not implied. Exposure to Absolute Maximum 
Ratings for extended periods may affect device reliability. 
Programming conditions may differ. 


DC CHARACTERISTICS OVER INDUSTRIAL OPERATING RANGES 


Parameter 
Symbol | Parameter Description Test Conditions 
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Vin = Vin OF Vy 
Voc = Min 


Vou Output HIGH Voltage 
=-75 pA Voc —0.2V 
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Vor Output LOW Voltage 
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Io, = 100 pA 


fm mina Nema 


f = 0 MHz 
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QW 
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Outputs Open (Igy; = 0 mA) 
Voc = Max, f = 15 MHz (Note 4) 


Supply Current 


PSS 


f = 15 MHz 


Note: 
1. These are absolute values with respect to device ground, and all overshoots due to system or tester noise are included. 


2. I/O pin leakage is the worst case of Ij, and Ipzz, (or Ing and Ipzz). 


3. Not more than one output should be shorted at a time, and the duration of the short-circuit should not exceed one second. Voyry 
= 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 


4. This parameter is guaranteed worst case under test conditions. Refer to the Icc vs. frequency graph for typical measurements. 
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CAPACITANCE ! 


Parameter 
Symbol Parameter Description i: Test Condition 


Input Capacitance Vin =2.0V Voc = 5.0 V, Th = 25°C, 
coor _ up capac Yon=20v (f= 1 Mi 


Note: 
1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified where 
capacitance may be affected. 


SWITCHING CHARACTERISTICS OVER INDUSTRIAL OPERATING RANGES * 


Parameter 
Symbol 


Parameter Description 


er 
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Clock Width 
External Feedback I/(t + tg) 40 

(oes Sands) [infer Fedbace (ost) | MA+ta) 
fax (Notes 3 and 4) Internal Feedback (fCNT) I/(ts + top) 50 
tpz7x OE to Output Enable 
‘ez [Ofte Oupur Dai 
im | Input to Output Enable Using Product Term Control 
ie Input to Output Disable Using Product Term Control 


Notes: 
1. See “Switching Test Circuit” for test conditions. 


2. This parameter is tested in Standby Mode. When the device is not in Standby Mode, the tpp will typically be about 2 ns faster. 


3. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified where 
frequency may be affected. 


4. tcpis a calculated value and is not guaranteed. tcz, can be found using the following equation: 
tor = 1/fyax Cinternal feedback) - ts. 
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SWITCHING WAVEFORMS 
Input or 
Feedback ue 
Input or t t 
Feedback Mi : i 
V 
t T 
ce Clock tco 
Combinatorial VTo 
OuIpHt Registered V10 
17713D-7 Output u 
17713D-8 
a. Combinatorial output b. Registered output 
Input 
'WH 
Clock VT Output 
tWL 
17713D-9 17713D-10 
c. Clock width d. Input to output disable/enable 
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seamed 
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@D 
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Output 


17713D-11 


e. OE to output disable/enable 


Notes: 
1. Vr=1.5 V for input signals and V¢(/2 for output signals. 


2. Input pulse amplitude O V to 3.0 V. 
3. Input rise and fall times 2 ns to 5 ns typical. 
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KEY TO SWITCHING WAVEFORM 


WAVEFORM INPUTS OUTPUTS 
Must be Will be 
Steady Steady 
May Will be 
Change Changing 
from H to L from H to L 
May | Will be 
Change Changing 
from L to H from L to-H 
Don't Care, Changing, 
Any Change State 
Permitted Unknown 
Does Not Center 
Apply Line is High- 
Impedance 
“Off” State 
KS000010-PAL 
SWITCHING TEST CIRCUIT 
Vec 
S; 
Ry 
Output Test Point 
Re Ch 
Se 


aa 17713D-12 


Z — H: Open Z—H: a 30 pF is 

Z — L: Closed Z— L: Open e 

— H — Z: Open H — Z: Closed H — Z: a 
re Ee L— Z: Closed L — Z: Open 


L->Z: aaa +0.5V 
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TYPICAL Ic¢c CHARACTERISTICS 
Vec = 3.3 V, Ta _ 25°C 
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Frequency (MHz) 17713D-13 


lec VS. Frequency 


The selected “typical” pattern utilized 50% of the device resources. Half of the macrocells were programmed as registered, and 
the other half were programmed as combinatorial. Half of the available product terms were used for each macrocell. On any 


vector, half of the outputs were switching. 
By utilizing 50% of the device, a midpoint is defined for Icc. From this midpoint, a designer may scale the Icc graphs up or down 


to estimate the Icc requirements for a particular design. 
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ENDURANCE CHARACTERISTICS 


The PALLV16V8 is manufactured using Vantis’ advanced electrically-erasable (EE) CMOS process. 
This technology uses an EE cell to replace the fuse link used in bipolar parts. As a result, devices 
can be erased and reprogrammed—a feature which allows 100% testing at the factory. 


Max Operating Temperature 20 
Max Reprogramming iia Normal Programming Conditions F100 | Gyeles. 


ROBUSTNESS FEATURES 


The PALLV16V8 has some unique features that make it extremely robust, especially when operating 
in high-speed design environments. Pull-up resistors on inputs and I/O pins cause unconnected 
pins to default to a known state. Input clamping circuitry limits negative overshoot, eliminating the 
possibility of false clocking caused by subsequent ringing. A special noise filter makes the 
programming circuitry completely insensitive to any positive overshoot that has a pulse width of 
less than about 100 ns. 


INPUT/OUTPUT EQUIVALENT SCHEMATICS 


Voc 


ESD 


Programming == 
Protection 


i Pins only - Programming Positive Programming 
and alle aee alee natalie Voltage Overshoot Circuitry 
Clamping Detection Filter 


Typical Input 
yP P 17713D-14 


Voc Voc 


5-V Protection 


Provides ESD 
Protection and 
Clamping 


Preload Feedback 
tL Circuitry Input 


Typical Output 17713D-15 
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POWER-UP RESET 


The PALLV16V8 has been designed with the capability to reset during system power-up. Following 
power-up, all flip-flops will be reset to LOW. The output state will be HIGH independent of the 

logic polarity. This feature provides extra flexibility to the designer and is especially valuable in 

simplifying state machine initialization. A timing diagram and parameter table are shown below. 
Due to the synchronous operation of the power-up reset and the wide range of ways Vc¢c can rise 
to its steady state, two conditions are required to ensure a valid power-up reset. These conditions 
are: 


@ The Vc¢c rise must be monotonic. 


@ Following reset, the clock input must not be driven from LOW to HIGH until all applicable input 
and feedback setup times are met. 


Parameter 
anereros Parameter Descriptions 


te (Power -Up Reset Time PowertpReetTime ff 1000 


ee Input or Feedback Setup Time 
See Switching Characteristics 


Voc 
2.7V 
Power 
tpR 
Registered 
Output 
ts 
Clock 
tw 
17713D-16 


Figure 3. Power-Up Reset Waveform 
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TYPICAL THERMAL CHARACTERISTICS 


Measured at 25°C ambient. These parameters are not tested. 


Parameter 
Parameter Description 


Plastic 6;, Considerations 


The data listed for plastic 0, are for reference only and are not recommended for use in calculating junction temperatures. The heat- 
flow paths in plastic-encapsulated devices are complex, making the 9;, measurement relative to a specific location ion the package 
surface. Tests indicate this measurement reference point is directly below the die-attach area on the bottom center of the package. 
Furthermore, j, tests on packages are performed in a constant temperature. Therefore, the measurements can only be used in a 
similar environment. 
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CONNECTION DIAGRAMS (TOP VIEW) 


DIP/SOIC PLCC 
57 806 
I VO; s © O > & 
ly V/O¢ ar 
@ 
| /O 
Is {| 4 18] |/0, 
| /O 
: : uf] 5 17]] V/s 
: oh Isl] 6 16] | 1/0, 
‘ ica leL] 7 15} ]/05 
| 
~ 7{] 8 147] 0. 
Is ey 
9 13 
GND OEM, pe 
© QO 2 9 & 
a 7 O O 
17713D-2 3 mi O Q eee 
PIN DESIGNATIONS 
CLK = Clock Note: 5 | | 
GND = Ground Pin 1 is marked for orientation. 
| = Input ~y 
VO = Input/Output > 
NC = NoConnect e 
Vcc = Supply Voltage = 
"Nn 
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ORDERING INFORMATION 


Commercial and Industrial Products 


Vantis programmable logic products for industrial applications are available with several ordering options. The order number 
(Valid Combination) is formed by a combination of: 


PAL LV 16 V 8 Z -10P C 


FAMILY TYPE | 
PAL = Programmable Array Logic 
TECHNOLOGY OPERATING CONDITIONS 
LV = Low-Voltage C = Commercial (0°C to +75°C) 
I = Industrial (40°C to 85°C) 
NUMBER OF 
ARRAY INPUTS PACKAGE TYPE 
P = 20-Pin Plastic DIP (PD 020) 
OUTPUT TYPE ; J 20-Pin Plastic Leaded Chip 
V_ = Versatile Carrier (PL 020) 
S 20-Pin Plastic Gull-Wing Small 
NUMBER OF OUTPUTS Outline Package (SO 020) 


Z = Zero Power 
(30 pA loc Standby) 
SPEED 
—10 = 10 ns tpp 
—20 = 20 ns tpp 


Valid Combinations 
Valid Combinations list configurations planned to be 


PALLV16V8-10 supported in volume for this device. Consult the local 
Vantis sales office to confirm availability of specific 


PALLV16V8Z-20 valid combinations and to check on newly released 


Valid Combinations 
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COM'L: H-5/7/10/15/25, Q-10/15/25 IND: H-15/25, Q-20/25 
V : 
fe = PALCE20V8 Family 


aE OR PERT ORM ANGE EE CMOS 24-Pin Universal 
Programmable Array Logic 


DISTINCTIVE CHARACTERISTICS 


@ Pin and function compatible with all PAL® 20V8 devices 

@ Electrically erasable CMOS technology provides reconfigurable logic and full testability 
@ High-speed CMOS technology 

— 5-ns propagation delay for “-5” version 

— 7.5-ns propagation delay for “-7” version 

Direct plug-in replacement for a wide range of 24-pin PAL devices 
Programmable enable/disable control 

Outputs individually programmable as registered or combinatorial 
Peripheral Component Interconnect (PCI) compliant 

Preloadable output registers for testability 

Automatic register reset on power-up 

Cost-effective 24-pin plastic SKINNY DIP and 28-pin PLCC packages 

Extensive third-party software and programmer support 

Fully tested for 100% programming and functional yields and high reliability 
Programmable output polarity 

5-ns version utilizes a split leadframe for improved performance 


Si i a A A a 


GENERAL DESCRIPTION 


The PALCE20V8 is an advanced PAL device built with low-power, high-speed, electrically- 
erasable CMOS technology. Its macrocells provide a universal device architecture. The 
PALCE20V8 is fully compatible with the GAL20V8 and can directly replace PAL20R8 series 
devices and most 24-pin combinatorial PAL devices. 
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Device logic is automatically configured according to the user’s design specification. A design is 
implemented using any of a number of popular design software packages, allowing automatic 
creation of a programming file based on Boolean or state equations. Design software also verifies 
the design and can provide test vectors for the finished device. Programming can be 
accomplished on standard PAL device programmers. 


The PALCE20V8 utilizes the familiar sum-of-products (AND/OR) architecture that allows users to 
implement complex logic functions easily and efficiently. Multiple levels of combinatorial logic 
can always be reduced to sum-of-products form, taking advantage of the very wide input gates 
available in PAL devices. The equations are programmed into the device through floating-gate 
cells in the AND logic array that can be erased electrically. 


Publication# 16491 Rev: E 
Amendment/0 Issue Date: November 1998 


The fixed OR array allows up to eight data product terms per output for logic functions. The 
sum of these products feeds the output macrocell. Each macrocell can be programmed as 
registered or combinatorial with an active-high or active-low output. The output configuration 
is determined by two global bits and one local bit controlling four multiplexers in each 
macrocell. 


BLOCK DIAGRAM 
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FUNCTIONAL DESCRIPTION 


The PALCE20V8 is a universal PAL device. It has eight independently configurable macrocells 
(MC,y-MC,). Each macrocell can be configured as a registered output, combinatorial output, 
combinatorial I/O, or dedicated input. The programming matrix implements a programmable 
AND logic array, which drives a fixed OR logic array. Buffers for device inputs have 
complementary outputs to provide user-programmable input signal polarity. Pins 1 and 13 serve 
either as array inputs or as clock (CLK) and output enable (OE) for all flip-flops. 


Unused input pins should be tied directly to Vcc or GND. Product terms with all bits 
unprogrammed (disconnected) assume the logical HIGH state, and product terms with both true 
and complement of any input signal connected assume a logical LOW state. 


The programmable functions on the PALCE20V8 are automatically configured from the user’s 
design specification, which can be in a number of formats. The design specification is processed 
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by development software to verify the design and create a programming file. This file, once 
downloaded to a programmer, configures the device according to the user’s desired function. 


The user is given two design options with the PALCE20V8. First, it can be programmed as an 
emulated PAL device. This includes the PAL20R8 series and most 24-pin combinatorial PAL 
devices. The PAL device programmer manufacturer will supply device codes for the standard 
PAL architectures to be used with the PALCE20V8. The programmer will program the PALCE20V8 
to the corresponding PAL device architecture. This allows the user to use existing standard PAL 
device JEDEC files without making any changes to them. Alternatively, the device can be 
programmed directly as a PALCE20V8. Here the user must use the PALCE20V8 device code. This 
option provides full utilization of the macrocells, allowing non-standard architectures to be built. 
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Figure 1. PALCE20V8 Macrocell 
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CONFIGURATION OPTIONS 


Each macrocell can be configured as one of the following: registered output, combinatorial 
output, combinatorial I/O or dedicated input. In the registered output configuration, the output 
buffer is enabled by the OE pin. In the combinatorial configuration, the buffer is either controlled 
by a product term or always enabled. In the dedicated input configuration, the buffer is always 
disabled. A macrocell configured as a dedicated input derives the input signal from an adjacent 
l/O. 


The macrocell configurations are controlled by the configuration control word. It contains 2 
global bits (SGO and SG1) and 16 local bits (SLO) through SLO, and SL1, through SL15). SGO 
determines whether registers will be allowed. SG1 determines whether the PALCE20V8 will 
emulate a PAL20R8 family or a combinatorial device. Within each macrocell, SLO,, in conjunction 
with SG1, selects the configuration of the macrocell and SL1, sets the output as either active low 
or active high. 


The configuration bits work by acting as control inputs for the multiplexers in the macrocell. 
There are four multiplexers: a product term input, an enable select, an output select, and a 
feedback select multiplexer. SG1 and SLO, are the control signals for all four multiplexers. In MC) 
and MC,, SGO replaces SG1 on the feedback multiplexer. 


These configurations are summarized in Table 1 and illustrated in Figure 2. 


If the PALCE20V8 is configured as a combinatorial device, the CLK and OE pins may be available 
as inputs to the array. If the device is configured with registers, the CLK and OE pins cannot be 
used as data inputs. 


Registered Output Configuration 


The control bit settings are SGO = 0, SG1 = 1 and SLO, = 0. There is only one registered 
configuration. All eight product terms are available as inputs to the OR gate. Data polarity is 
determined by SL1,. SL1, is an input to the exclusive-OR gate which is the D input to the flip- 
— flop. SL1, is programmed as 1 for inverted output or 0 for non-inverted output. The flip-flop is 
loaded on the LOW-to-HIGH transition of CLK. The feedback path is from Q on the register. The 
output buffer is enabled by OE. 


Combinatorial Configurations 


The. PALCE20V8 has three combinatorial output configurations: dedicated output in a non- 
registered device, I/O in a non-registered device and I/O in a registered device. 


Dedicated Output in a Non-Registered Device 


The control settings are SGO = 1, SG1 = 0, and SLO, = 0. All eight product terms are available to 
the OR gate. Although the macrocell is a dedicated output, the feedback is used, with the 
exception of pins 18(21) and 19(23). Pins 18(21) and 19(23) do not use feedback in this mode. 
Note: 


1. The pin number without parentheses refers to the SKINNY DIP package. The pin number in parentheses refers to the PLCC 
package. 
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Dedicated Input in a Non-Registered Device 


The control bit settings are SGO = 1, SG1 = 0 and SLO, = 1. The output buffer is disabled. The 
feedback signal is an adjacent I/O pin. 


Combinatorial I/O in a Non-Registered Device 

The control settings are SGO = 1, SG1 = 1, and SLO, = 1. Only seven product terms are available 
to the OR gate. The eighth product term is used to enable the output buffer. The signal at the 
I/O pin is fed back to the AND array via the feedback multiplexer. This allows the pin to be used 
as an input. | 


Combinatorial I/O in a Registered Device 


The control bit settings are SGO=0,SG1=1 and SLO, =1. Only seven product terms are available 
to the OR gate. The eighth product term is used as the output enable. The feedback signal is the 
corresponding I/O signal. 


Table 1. Macrocell Configuration 
Cell Devices Cell Devices 
SLOy | Configuration Emulated SLOy | Configuration Emulated 
Device Uses Registers Device Uses No Registers 
PAL20R8, 20R6, Combinatorial PAL20L2, 1814, 
Combinatorial 
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a. Registered active Low b. Registered active high 


ani 


c. Combinatorial I/O active low d. Combinatorial I/O active high 
Voc Voc 
Note 1 Note 1 
e. Combinatorial output active low f. Combinatorial output active high 
Note 2 


Notes: 


1. Feedback is not available on pins 18 (21) and 19 (23) in pre Adjacent I/O Pin 
the combinatorial output mode. 


2. This macrocell configuration is not available on pins 


18 (21) and 19 (23). g. Dedicated input 


16491E 
Figure 2. Macrocell Configurations : 
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All flip-flops power up to a logic LOW for predictable system initialization. Outputs of the 
PALCE20V8 depend on whether they are selected as registered or combinatorial. If registered is 
selected, the output will be HIGH. If combinatorial is selected, the output will be a function of 
the logic. 


Power-Up Reset 


Register Preload 


~The register on the PALCE20V8 can be preloaded from the output pins to facilitate functional 
testing of complex state machine designs. This feature allows direct loading of arbitrary states, 
making it unnecessary to cycle through long test vector sequences to reach a desired state. In 
addition, transitions from illegal states can be verified by loading illegal states and observing 
proper recovery. 


Security Bit 


A security bit is provided on the PALCE20V8 as a deterrent to unauthorized copying of the array 
configuration patterns. Once programmed, this bit defeats readback and verification of the 
programmed pattern by a device programmer, securing proprietary designs from competitors. 
The bit can only be erased in conjunction with the array during an erase cycle. 


Electronic Signature Word 


An electronic signature word is provided in the PALCE20V8. It consists of 64 bits of 
programmable memory that can contain any user-defined data. The signature data is always 
available to the user independent of the security bit. 


Programming and Erasing 


The PALCE20V8 can be programmed on standard logic programmers. It also may be erased to 
reset a previously configured device back to its unprogrammed state. Erasure is automatically 
performed by the programming hardware. No special erase operation is required. 


Quality and Testability 


The PALCE20V8 offers a very high level of built-in quality. The erasability of the device provides 
a direct means of verifying performance of all AC and DC parameters. In addition, this verifies 
complete programmability and functionality of the device to provide the highest programming 
and post-programming functional yields in the industry. 
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Technology 


The high-speed PALCE20V8H is fabricated with Vantis’ advanced electrically erasable CEE) CMOS 
process. The array connections are formed with proven EE cells. Inputs and outputs are 
designed to be compatible with TTL devices. This technology provides strong input clamp 
diodes, output slew-rate control, and a grounded substrate for clean switching. 


PCI Compliance 


PALCE20V8H devices in the -5/-7/-10 speed grades are fully compliant with the PCT Local Bus 
Specification published by the PCI Special Interest Group. The PALCE20V8H’s predictable timing 
ensures compliance with the PCI AC specifications independent of the design. On the other 
hand, in CPLD and FPGA architectures without predictable timing, PCI compliance is dependent 
upon routing and product term distribution. 
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ABSOLUTE MAXIMUM RATINGS 


Storage Temperature.............. -65°C to +150°C 
Ambient Temperature 

with Power Applied .............. -55°C to +125°C 
Supply Voltage | 

with Respect to Ground .......... -0.5 Vto +7.0V 
DC Input Voltage ........... -0.5 Vto Veco + 0.5 V 
DC Output or I/O 

Pint VONAGE 0.5 5 uke Od weet -0.5 V to Vcc + 0.5 V 
Static Discharge Voltage ................. 2001 V 
Latchup Current (T, = 0°C to 75°C). ........ 100 mA 


Stresses above those listed under Absolute Maximum Ratings 
may cause permanent device failure. Functionality at or above 
these limits is not implied. Exposure to Absolute Maximum 
Ratings for extended periods may affect device reliability. 
Programming conditions may differ. 


OPERATING RANGES 


Commercial (C) Devices 


Ambient Temperature (T,) Operating 
TMP OG AGE cei cause St td be he tee eG 0°C to +75°C 


Supply Voltage (Vcc) | 
with Respect to Ground......... +4.75 V to +5.25 V 


Operating ranges define those limits between which the 
functionality of the device is guaranteed. 


DC CHARACTERISTICS OVER COMMERCIAL OPERATING RANGES 


Parameter Description 


Guaranteed Input Logical LOW 
Voltage for all Inputs (Note 1) 


Vin = 5.25 V, Voc = Max (Note 2) 


Vin =0 V, Voc = Max (Note 2) 


Input LOW Leakage Current 


Off-State Output Leakage Current HIGH 


Off-State Output Leakage Current LOW 


I Output Short-Circuit Current 


SC 
I¢c 
(Static) 


(Dynamic) Supply Current for -7 and -10 


Notes: 


Vout = 5.25 V, Voc = Max 
Vin = Vin or Vit (Note 2) 


Vout = OV, Voc = Max 
Vin = Vin or Vir (Note 2) 


Outputs Open (Igyy = 0 mA), Vy = OV 
Voc = Max 


Outputs Open (Igy; = 0 mA), 
Voc = Max, f= 25 MHz 


Guaranteed Input Logical HIGH 
Voltage for all Inputs (Note 1) 


i) 
oS 


Vour = 0.5 V, Vec = Max (Note 3) —30 


1. These are absolute values with respect to device ground, and all overshoots due to system or tester noise are included. 
2. VO pin leakage is the worst case of In, and Ipz; (or Inz and Ipzzpp. 


Not more than one output should be shorted at a time, and the duration of the short-circuit should not exceed one second. 


Vour = 0.5 V bas been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE * 


Parameter 
Symbol Parameter Description Test Conditions ™ 


Input Capacitance Vin = 2.0 V Voc = 5.0 V, Ty = 25°C, 
Output Capacitance Vour = 2.0V f = 1 MHz | 8 | op 


Note: 
1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified where 
capacitance may be affected. : 


SWITCHING CHARACTERISTICS OVER COMMERCIAL OPERATING RANGES ! 


are ee eT ane 
Input or Feedback to Combinatorial Output 5 3 75 3 10 


Setup Time from Input or Feedback to Clock Pa a 5 
Skew Between Registered Outputs (Note 3) ae 
Clock Width 


Maximum 
{MAX Frequency a Feedback 1/(ts+top) (Note 5) pw || 125 
(Note 4) NI 


Parameter 
Symbol 


Parameter Description 


a | 
a 


SN [DN 
ow | o | pe |] po = NED an LN) . 
ea | “I 


D 


a | 
ws 


83.3 


fm (eon (dC 
3 
. 


—_ 
ao | eo 


eS 


—) 


Oo 
a 


Input to Output Disable Using Product Term Control 


- 
+ 


Notes: 
1. See “Switching Test Circuit” for test conditions. 


2. Output delay minimums for tpp, tco, tpzx, tpxz, tes, aNd trp are defined under best case conditions. Future process improvements 
may alter these values, therefore, minimum values are recommended for simulation purposes only. 


3. Skew testing takes into account pattern and switching direction differences between outputs that have equal loading. 


4. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified where 
frequency may be affected. 


5. tcp is a calculated value and is not guaranteed. tc, can be found using the following equation: 
lor = U/fyax (internal feedback) = ts. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 

Storage Temperature.............. -65°C to +150°C Commercial (C) Devices 

Ambient Temperature Ambient Temperature (Ty) 

with Power Applied .............. -55°C to +125°C Operating in Free Air............... O°C to +75°C 
Supply Voltage Supply Voltage (Vcc) 

with Respect to Ground .......... 0.5 Vto +7.0V with Respect to Ground......... +4.75 V to +5.25 V 
DC Input Voltage ........... 0.5 V to Veg +05 V Operating ranges define those limits between which the 
DC Output or I/O functionality of the device is guaranteed. 

Pitt VONAGC ssi. ean Ba Gea ah -0.5 V to Veg + 0.5 V 

Static Discharge Voltage ................. 2001 V 

Latchup Current (T, = 0°C to 75°C)......... 100 mA 


Stresses above those listed under Absolute Maximum Ratings . 
may cause permanent device failure. Functionality at or above _ 
these limits is not implied. Exposure to Absolute Maximum 
Ratings for extended periods may affect device reliability. 
Programming conditions may differ. 


DC CHARACTERISTICS OVER COMMERCIAL OPERATING RANGES 


Parameter | | 
Symbol Parameter Description Test Description 


Output HIGH Voltage ; lon = -3.2 mA, Vin = Vin or Vis Voc = Min 


Von Output LOW Voltage lor, = 24 mA, Vin = Vin or Vit» Vcc = Min i 
Guaranteed Input Logical HIGH 

Vin Top HIGH Vollase Voltage for all Inputs (Note 1) 
Guaranteed Input Logical LOW 

VL dnput LO, Yoriiee Voltage for all Inputs (Note 1) Ls 

ite Input HIGH Leakage Current Vin = 5.25 V, Voc. = Max (Note 2) a 

I Input LOW Leakage Current Vin = 9 V, Voc = Max (Note 2) = 


Vour = 5.25 V, Vcc = Max 

eee aaa Vin = Vin OF Vz, (Note 2) 
Vour = OV, Voc = Max 

loz Off-State Output Leakage Current LOW Viv = Vip oF Vy, (Note 2) 


Output Short-Circuit Current 7 Vour = 9.5 V, Voc = Max (Note 3) —30 


I¢c ; Outputs Open (Ipyy = 0 mA), 
(Dynamic) Supply Caprese =I) Voc = Max, f = 15 MHz (Note 4) - ms 


Notes: 
1. These are absolute values with respect to device ground, and all overshoots due to system or tester noise are included. 


2. VO pin leakage is the worst case of Ij, and Ipz; (or Iny and Ipzz). 


3. Not more than one output should be shorted at a time, and the duration of the short-circuit should not exceed one second. 
Vour = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 


4. This parameter is guaranteed worst case under test conditions. Refer to the Icc vs. frequency graph for typical measurements. 
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CAPACITANCE * 


Parameter 
——— Parameter Pra aaa Test anaes ar 


Gy «| Input Capacitance Capacitance Viy=20V0 | 2.0V Voc = 5.0V, Ty = 25°C, 
aa Output Capacitance Vout = 2.0V f = 1 MHz 


Note: 
1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified where 
capacitance may be affected. 


SWITCHING CHARACTERISTICS OVER COMMERCIAL OPERATING RANGES 


Parameter 


Symbol Parameter Description sero oee tie 


Input or Feedback to Combinatorial Output 


Setup Time from Input or Feedback to Clock 


Hold Time 


ss 


ns 


=) 
77) 


~ 
77) 


=) 
n 


Clock Width 
| External Feedback (ts-+teo) 
fMax 


=} 
n 


= 
N 


no a ene Internal Feedback (fey) 1/(ts+tcp) (Note 4) 
sence 
OE to Output Enable 


ae 


= 
N 


2) 


=) 


=) 
i) 


Input to Output Enable Using Product Term Control 


ee 
aie 
ae 
mies 


=) 


Input to Output Disable Using Product Term Control 


Notes: 
1. See “Switching Test Circuit” for test conditions. 


2. Output delay minimums for tpp, tco, tezx, tpxz, tas, aNd trp are defined under best case conditions. Future process improvements 
may alter these values; therefore, minimum values are recommended for simulation purposes only. 


3. These parameters are not 100% tested, but are calculated at initial characterization and at any time the eet is modified where 
Srequency may be affected. 


4. tcris a calculated value and is not guaranteed. tc, can be found using the following equation: 
tor = Vfyax Gnternal feedback) — ts. | 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 

Storage Temperature bets acne arene -65°C to +150°C Commercial (C) Devices 

Ambient Temperature Ambient Temperature (T,) Operating 

with Power Applied .............. -55°C to +125°C in PRG Ait. stk pa ach ed i oa ee O°C to +75°C 
Supply Voltage Supply Voltage (Vcc) 

with Respect to Ground .......... 0.5 Vto +7.0V with Respect to Ground......... +4.75 V to +5.25 V 
DC Input Voltage ........... 0.5. V to Voc + 0.5 V Operating ranges define those limits between which the 
DC Output or I/O Junctionality of the device is guaranteed. 

Pin VOWASe seo Ghee Reka a acs -0.5 V to Voc + 0.5 V 

Static Discharge Voltage ................. 2001 V 

Latchup Current (T, = 0°C to 75°C). ........ 100 mA 


Stresses above those listed under Absolute Maximum Ratings 
may cause permanent device failure. Functionality at or above 
these limits is not implied. Exposure to Absolute Maximum 
Ratings for extended periods may affect device reliability. 
Programming conditions may differ. 


DC CHARACTERISTICS OVER COMMERCIAL OPERATING RANGES 


Parameter 
— Parameter ore aes Test eare eee re ae ames 


ie ee HIGH [Output HIGHVolage Ioy = = -3.2 mA, Hon =-3.2mA, Voy = Vin OF Vy, Voo= Min | = Vin or Vit» Vcc = = Min 


Vo. | Output LOW Output LowVoltage = Io. = = 24 mA, Vin = = Vin or Vit» Vcc = 


Vour = 5.25 V, Voc = Max 

Off-State Output Leakage Current HIGH Se ee “i 
Vour = 9 V, Vec = Max 

Off-State Output Leakage Current LOW Voy = Vyq oF Viz, (Note 2) 100 pA 


ee So Grea car Voor = 05% Voy= Max Nae 3 


Outputs Open (Ipyy = 0 mA), 
Notes: 


Vcc = Max, f = 15 MHz 
1. These are absolute values with respect to device ground, and all overshoots due to system or tester noise are included. 


Supply Current 


2. I/O pin leakage is the worst case of Iy, and Ipz,, (or Ing and Ipz7y). 


3. Not more than one output should be shorted at a time, and the duration of the short-circuit should not exceed one second. 
Vour = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 


316 | | PALCE20V8H-15/25 Q-15/25 (Com'l) 


CAPACITANCE 1 


Parameter 
Symbol Parameter Description Test Conditions 
Input Capacitance Vin = 2.0V Voc = 5.0 V, Ty = 25°C, 
Output Capacitance Vout = 2.0V f= 1 MHz 


Note: 
1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified where 


capacitance may be affected. 


ar 


SWITCHING CHARACTERISTICS OVER COMMERCIAL OPERATING RANGES ! 


Parameter 
Parameter Description 


— 
a 

— 

ws 


— 
i) 


eo 


Frequency Internal Feedback (feyp) —_| 1/(tg+tcp) (Note 3) 


No Feedback 1/(tyyy+tyz) 


(Note 2) 


ee ed ee 2 | 


Sees 
GN 


Input to Output Disable Using Product Term Control 


Notes: 
1. See “Switching Test Circuit” for test conditions. 


2. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified where 
frequency may be affected. 

3. tcp is a calculated value and is not guaranteed. tc can be found using the following equation: 
tor = 1/fyax Cinternal feedback) — ts. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 

Storage Temperature.............. -65°C to +150°C Industrial (1) Devices 

Ambient Temperature | Ambient Temperature (T,) Operating 

with Power Applied .............. -55°C to +125°C in Free Air..............-2---2 2 -40°C to +85°C 
Supply Voltage Supply Voltage (Vcc) 

with Respect to Ground .......... 0.5 V to +7.0V with Respect to Ground........... +4.5Vto +5.5V 
DC Input Voltage ........... -0.5 V to Voc + 0.5V Operating ranges define those limits between which the 
DC Output or I/O functionality of the device is guaranteed. 

Pin VOMASC 65.6 i OSes eet Ws 0.5 Vto Voc t+05V 

Static Discharge Voltage ...............4. 2001 V 

Latchup Current (T, = -40°C to +85°C) ...... 100 mA 


Stresses above those listed under Absolute Maximum Ratings 
may cause permanent device failure. Functionality at or above 
these limits is not implied. Exposure to Absolute Maximum 
Ratings for extended periods may affect device reliability. 
Programming conditions may differ. 


DC CHARACTERISTICS OVER INDUSTRIAL OPERATING RANGES | 


7 rr 
Symbol Parameter Description Test Description 

2 
fn [hewmorvge =i ne grain ioe] 20 || 
aT 
Iu [myauov etc (w= 0XYe edwtoed | 
fon [Otsego [ign =55¥Nu = Me Y= TwOr GOED | 


Off-State Output Leakage Current LOW Vour = 9 V, Voc = Max , Viy = Viq or Vy, (Note 2) 
Output Short-Circuit Current Vour = 9.5 V, Voc = Max (Note 3) 


Supply Current 
Notes: 


1. These are absolute values with respect to device ground, and all overshoots due to system or tester noise are included. 


Outputs Open (Ipyy = 0 mA), 
Voc = Max, f = 15 MHz 


2. VO pin leakage is the worst case of Iy, and Ipz, (or In, and Igzzp). 


3. Not more than one output should be shorted at a time, and the duration of the short-circuit should not exceed one second. 
Vour = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE ! 


Parameter 
Symbol Parameter Description Test Conditions | Typ 
Output Capacitance Vout = 2.0V f= 1 MHz 


Note: 
1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified where 


capacitance may be affected. 


SWITCHING CHARACTERISTICS OVER INDUSTRIAL OPERATING RANGES ' 


Parameter 
Parameter Description 


— 


Input or Feedback to Combinatorial Output 


Setup Time from Input or Feedback to Clock 


Hold Time 


Clock to Output 


Clock Width 


— 
bo 


=r 


External Feedback | 1/(ts+to) 45.5 


Internal Feedback I/(tg+tcg) (Note 3) 


Frequency 
(Note 2) (lowr) 


OE to Output Enable 


tpy7 OE to Output Disable 
tea Input to Output Enable Using Product Term Control 


Input to Output Disable Using Product Term Control 


~ 
> 
a 
1] 
@ 
<, 
ra 
ta) 
” 


— 
A] 


15 
15 


— 


Notes: 
1. See “Switching Test Circuit” for test conditions. 


2. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified where 
frequency may be affected. 

3. top is a calculated value and is not guaranteed. tcp can be found using the following equation: 
tow = I/fyax (internal feedback) — ts. 
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SWITCHING WAVEFORMS 
Input or 
Feedback Vr 
tpp 
Combinatorial Vv 
Output qT 
16491E-5 
a. Combinatorial output 
twH 
Clock Vy 
two 
c. Clock width IONS! 


Output 


e. OE to output disable/enable 


Notes: 
1. Vr=15V 


2. Input pulse amplitude O V to 3.0 V. 
3. Input rise and fall times 2 ns to 5 ns typical. 
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Input or 
Feedback 


~ Clock 


Registered Vv 
Output T 


16491E-6 
b. Registered output 


Input 


Output 


16491E-8 
d. Input to output disable/enable 


16491E-9 


KEY TO SWITCHING WAVEFORMS 


WAVEFORM 


SWITCHING TEST CIRCUIT 


Output 


H — Z: Open 
tpyz, ter 
| LZ: Closed => Z: | LZ: Closed 


INPUTS 


Must be 
Steady 


May 
Change 
from H to L 


May 


Change 
from L to H 


Don’t Care, 
Any Change 
Permitted 


Does Not 
Apply 


| aie) ee 14 Ce en 


| ZH Open — H: | ZH Open 50 pF 390 Q 
t ZX) tea 1. pte V 
, Z —> L: Closed 200 Q 
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re 


OUTPUTS 


Will be 
Steady 


Will be 
Changing 
from H to L 


Will be 
Changing 
from L to H 


Changing, 
State 
Unknown 


Center 

Line is High- 
Impedance 
“Off” State 


KS000010-PAL. 
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Measured a saee Value 


as Von — 9.5 V 
H-5: 200 Q 


LEN 4050 | LEN 4050 | 
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TYPICAL Ic¢c CHARACTERISTICS 
Voc = 5 V, Ta = 25°C 


150 
125 20V8H-5 
100 
20V8H-7 
<x 
bE  % 
O 20V8H-10 
LY 20V8H-15/25 
50 
20V8Q-10 
20V8Q-15/25 
25 
0 
0 10 20 30 40 50 


Frequency (MHz) 16491E-11 


Icc VS. Frequency 


The selected “typical” pattern utilized 50% of the device resources. Half of the macrocells were programmed as registered, and the 
other half were programmed as combinatorial. Half of the available product terms were used for each macrocell. On any vector, half 
of the outputs were switching. 

By utilizing 50% of the device, a midpoint is defined for Icc. From this midpoint, a designer may scale the Icc graphs up or down to 
estimate the Icc requirements for a particular design. 
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ENDURANCE CHARACTERISTICS 


The PALCE20V8 is manufactured using Vantis’ advanced electrically-erasable (EE) CMOS process. 
This technology uses an EE cell to replace the fuse link used in bipolar parts. As a result, the 
device can be erased and reprogrammed—a feature which allows 100% testing at the factory. 


Min Pattern Data Retention Time 


Max Operating Temperature 
Max Reprogramming Cycles Normal Programming Conditions 


ROBUSTNESS FEATURES 


The PALCE20V8X-X/5 have some unique features that make them extremely robust, especially 
when operating in high-speed design environments. Pull-up resistors on inputs and I/O pins 
cause unconnected pins to default to a known state. Input clamping circuitry limits negative 
overshoot, eliminating the possibility of false clocking caused by subsequent ringing. A special 
noise filter makes the programming circuitry completely insensitive to any positive overshoot 
that has a pulse width of less than about 100 ns for the /5 versions. 
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INPUT/OUTPUT EQUIVALENT SCHEMATICS FOR PALCE20V8H-7 
AND PALCE20V8H-5 


Vee Vec 
I 
| 
| 
l 
l 
I 
ESD !Programming = 
Protection I Pins only Programming Positive 
and Se eS Voltage Overshoot ee 
Clamping Detection Filter y 
Typical Input 


Provides ESD 
Protection and 
Clamping 


Preload Feedback 
= Circuitry Input 


16491E-12 


Typical Output 


3240 = 2 pALCEZOV8Family ss ss—s—‘—sS 


INPUT/OUTPUT EQUIVALENT SCHEMATICS FOR /4 VERSIONS 


100 kQ 


ESD 
Protection 


16491E-13 


Preload Feedback 
=- Circuitry Input 


VO 


Topside Marking: 


(eee [novia 


PALCE20V8H-10 
PALCE20V8H-15 


Vantis CMOS PLDs are marked on top of the 
package in the following manner: 


PAICEXXX 
Datecode (3 numbers) Lot ID (4 characters)—(Rev Letter) 


The Lot ID and Rev Letter are separated by two spaces. 


PALCE20V8H--25 


PALCE20V8H-25 
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POWER-UP RESET 


The PALCE20V8 has been designed with the capability to reset during system power-up. 
Following power-up, all flip-flops will be reset to LOW. The output state will be HIGH 
independent of the logic polarity. This feature provides extra flexibility to the designer and is 
especially valuable in simplifying state machine initialization. A timing diagram and parameter. 
table are shown below. Due to the synchronous operation of the power-up reset and the wide 
range of ways Vcc can rise to its steady state, two conditions are required to ensure a valid 
power-up reset. These conditions are: 


@ The Vcc rise must be monotonic. 


Following reset, the clock input must not be driven from LOW to HIGH until all appnCae input 
and feedback setup times are met. 


Input or Feedback Setup Time 
See Switching Characteristics 


AV | Vee 
Power 
tpR 
Registered 
Output 
iS 
Clock 
'WL 


Figure 2. Power-Up Reset Waveform 1e491E-15 
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TYPICAL THERMAL CHARACTERISTICS 


Measured at 25°C ambient. These parameters are not tested. 


arameter 
Parameter Description PLCC 


38 


Thermal impedance, junction to ambient with air flow 
600 Ifpm air 


0 
oe 


Plastic 6;, Considerations 


The data listed for plastic 0;, are for reference only and are not recommended for use in calculating junction temperatures. The 
heat-flow paths in plastic-encapsulated devices are complex, making the 0;,, measurement relative to a specific location on the pack- 
age surface. Tests indicate this measurement reference point is directly below the die-attach area on the bottom center of the package. 
Furthermore, 0,, tests on packages are performed in a constant-temperature bath, keeping the package surface at a constant tem- 
perature. Therefore, the measurements can only be used in a similar environment. 
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CONNECTION DIAGRAMS 
Top View 


12 13 14 15 16 


Note: 16491E-16 
Pin 1 is marked for orientation. 


PIN DESIGNATIONS 


CLK = Clock NC = No Connect 
GND = Ground OE = Output Enable 
I = Input Vcc = Supply Voltage 
YO = Input/Output 
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ORDERING INFORMATION 


Commercial and Industrial Products 


Vantis programmable logic products for commercial and industrial applications are available with several ordering options. The 
order number (Valid Combination) is formed by a combination of: 


PAL CE 20 V8H 5 JC/5 


FAMILY TYPE ed 
PAL = Programmable Array Logic 
TECHNOLOGY 
CE = CMOS Electrically Erasable PROGRAMMING DESIGNATOR 
Blank = Initial Algorithm 
NUMBER ne /4 = First Revision 
ARRAY INPUTS /5 = Second Revision 
OUTPUT TYPE (Same Algorithm as /4) 
V = Versatile 
NUMBER OF FLIP-FLOPS 
OR OUTPUTS OPERATING CONDITIONS 
C = Commercial (0°C to +75°C) 
POWER I = Industrial (-40°C to +85°C) 
H = Half Power (90-125 mA Ic¢c) 


Q= Quarter Power (55 mA I¢c) PACKAGE TYPE 


P = 24-Pin 300 mil Plastic SKINNY 

a DIP (PD3024) 

2, : 5 ns tpp J = 28-Pin Plastic Leaded Chip 

-7 = 7.5 NS tpp Carrier (PL 028) ae 
-10 = 10 ns tpp > 
-12 = 12nst = 
pon PD oO 
15 = 15 ns tpp O 
-20 = 20ns tpp =. 
-25 = 25 ns tpp © 


Valid Combinations 
/ 


Jc 
z, 
PALCE20V8H-7 
PC, JC 
PALCE20V8H-10 /4 
PC 5 


PALCE20V8Q-15 
PALCE20V8Q-20 
PALCE20V8H-25 
PALCE20V8Q-25 


PC, JC, PL, JI 


Valid Combinations 


Valid Combinations list configurations planned to be supported in volume for this device. Consult the local Vantis sales office to 
confirm availability of specific valid combinations and to check on newly released combinations. 
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PALCE22V10 COM'L: H-5/7/10/15/25,Q-10/15/25 IND: H-10/15/20/25 


PALCE22V10Z COM!'L: -25 | IND: -15/25 
PALCE22V10 and PALCE22V10Z 


| BEYOND PERFORMANCE Fam i [ ies 
24-Pin EE CMOS (Zero Power) Versatile PAL Device 


DISTINCTIVE CHARACTERISTICS 


@ As fast as 5-ns propagation delay and 142.8 MHz fray (external) 

@ Low-power EE CMOS 

@ 10 macrocells programmable as registered or combinatorial, and active high or active low to 
match application needs 

@ Varied product term distribution allows up to 16 product terms per output for complex 

functions | 

Peripheral Component Interconnect (PCI) compliant (-5/-7/-10) 

Global asynchronous reset and synchronous preset for initialization 

Power-up reset for initialization and register preload for testability 

Extensive third-party software and programmer support 

24-pin SKINNY DIP, 24-pin SOIC, and 28-pin PLCC 

5-ns and 7.5-ns versions utilize split leadframes for improved performance 


5 A A a A 


GENERAL DESCRIPTION 


The PALCE22V10 provides user-programmable logic for replacing conventional SSI/MSI gates and 
flip-flops at a reduced chip count. 


The PALCE22V10Z is an advanced PAL® device built with zero-power, high-speed, electrically- 
erasable CMOS technology. It provides user-programmable logic for replacing conventional zero- 
power CMOS SSI/MSI gates and flip-flops at a reduced chip count. 


The PALCE22V10Z provides zero standby power and high speed. At 30 pA maximum standby 
current, the PALCE22V10Z allows battery-powered operation for an extended period. 


The PAL device implements the familiar Boolean logic transfer function, the sum of products. The 
PAL device is a programmable AND array driving a fixed OR array. The AND array is programmed 
to create custom product terms, while the OR array sums selected terms at the outputs. 


The product terms are connected to the fixed OR array with a varied distribution from 8 to16 across 
the outputs (see Block Diagram). The OR sum of the products feeds the output macrocell. Each 
macrocell can be programmed as registered or combinatorial, and active-high or active low. The 
output configuration is determined by two bits controlling two multiplexers in each macrocell. 
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BLOCK DIAGRAM 
3 CLK/Ig : | y ly -ly4 


PROGRAMMABLE 
AND ARRAY 
(44 x 132) 
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Oo /0, VO. V/O3 V0, /Os 06 VO,  —“WOg V/Og 
FUNCTIONAL DESCRIPTION 


The PALCE22V10 allows the systems engineer to implement the design on-chip, by programming 
EE cells to configure AND and OR gates within the device, according to the desired logic function. 
Complex interconnections between gates, which previously required time-consuming layout, are 
lifted from the PC board and placed on silicon, where they can be easily modified during 
prototyping or production. 


The PALCE22V10Z is the zero-power version of the PALCE22V10. It has all the architectural features 
of the PALCE22V10. In addition, the PALCE22V10Z has zero standby power and unused product 
term disable. 


Product terms with all connections opened assume the logical HIGH state; product terms 
connected to both true and complement of any single input assume the logical LOW state. 


The PALCE22V10 has 12 inputs and 10 I/O macrocells. The macrocell (Figure 1) allows one of four 
potential output configurations registered output or combinatorial I/O, active high or active low 

(see Figure 1). The configuration choice is made according to the user’s design specification and 
corresponding programming of the configuration bits Sg - S;. Multiplexer controls are connected 
to ground (0) through a programmable bit, selecting the “0” path through the multiplexer. Erasing 
the bit disconnects the control line from GND and it is driven to a high level, selecting the “1” path. 


The device is produced with an EE cell link at each input to the AND gate array, and connections 
may be selectively removed by applying appropriate voltages to the circuit. Utilizing an easily- 


implemented programming algorithm, these products can be rapidly programmed to any 
customized pattern. 
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Variable Input/Output Pin Ratio 


The PALCE22V10 has twelve dedicated input lines, and each macrocell output can be an I/O pin. 
Buffers for device inputs have complementary outputs to provide user-programmable input signal 
polarity. Unused input pins should be tied to Veg or GND. 


5 [5] Outpt Configuration 
es 
es 
[1 [0 [eonbinatncwetow 


0 = Programmed EE bit 
1 = Erased (charged) EE bit 


16564E-004 


Figure 1. Output Logic Macrocell Diagram 


Registered Output Configuration 


Each macrocell of the PALCE22V10 includes a D-type flip-flop for data storage and 
synchronization. The flip-flop is loaded on the LOW-to-HIGH transition of the clock input. In the 


registered configuration (S, = 0), the array feedback is from Q of the flip-flop. 
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Combinatorial I/O Configuration 


Any macrocell can be configured as combinatorial by selecting the multiplexer path that bypasses 
the flip-flop (S, = 1). In the combinatorial configuration, the feedback is from the pin. 
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b. Combinatorial/active low 


So=1 
$1=1 


c. Registered/active high | d. Combinatorial/active high 16564E-005 


Figure 2. Macrocell Configuration Options 


Programmable Three-State Outputs 


Each output has a three-state output buffer with three-state control. A product term controls the 
buffer, allowing enable and disable to be a function of any product of device inputs or output 
feedback. The combinatorial output provides a bi-directional I/O pin, and may be configured as 
a dedicated input if the buffer is always disabled. 


Programmable Output Polarity 


The polarity of each macrocell output can be active high or active low, either to match output 
signal needs or to reduce product terms. Programmable polarity allows Boolean expressions to be 
written in their most compact form (true or inverted), and the output can still be of the desired 
polarity. It can also save “DeMorganizing” efforts. 


Selection is controlled by programmable bit Sp in the output macrocell, and affects both registered 
and combinatorial outputs. Selection is automatic, based on the design specification and pin 
definitions. If the pin definition and output equation have the same polarity, the output is 
programmed to be active high (Sp = 1). 


Preset/Reset 


For initialization, the PALCE22V10 has preset and reset product terms. These terms are connected 
to all registered outputs. When the synchronous preset (SP) product term is asserted high, the 
output registers will be loaded with a HIGH on the next LOW-to-HIGH clock transition. When the 
asynchronous reset (AR) product term is asserted high, the output registers will be immediately 
loaded with a LOW independent of the clock. 
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Note that preset and reset control the flip-flop, not the output pin. The output level is determined 
by the output polarity selected. 


Power-Up Reset 


All flip-flops power up to a logic LOW for predictable system initialization. Outputs of the 
PALCE22V10 will depend on the programmed output polarity. The Vcc rise must be monotonic, 
and the reset delay time is 1000ns maximum. 


Register Preload 


The register on the PALCE22V10 can be preloaded from the output pins to facilitate functional 
testing of complex state machine designs. This feature allows direct loading of arbitrary states, 
making it unnecessary to cycle through long test vector sequences to reach a desired state. In 
addition, transitions from illegal states can be verified by loading illegal states and observing 
proper recovery. 


Security Bit 


After programming and verification, a PALCE22V10 design can be secured by programming the 
security EE bit. Once programmed, this bit defeats readback of the internal programmed pattern 
by a device programmer, securing proprietary designs from competitors. When the security bit is 
programmed, the array will read ‘as if every bit is erased, and preload will be disabled. 


The bit can only be erased in conjunction with erasure of the entire pattern. 
Programming and Erasing 


The PALCE22V10 can be programmed on standard logic programmers. It also may be erased to 
reset a previously configured device back to its unprogrammed state. Erasure is automatically 
performed by the programming hardware. No special erase operation is required. 
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Quality and Testability 


The PALCE22V10 offers a very high level of built-in quality. The erasability of the device provides 
a direct means of verifying performance of all AC and DC parameters. In addition, this verifies 
complete programmability and functionality of the device to provide the highest programming 
yields and post-programming functional yields in the industry. 


Technology 


The high-speed PALCE22V10 is fabricated with Vantis’ advanced electrically erasable (EE) CMOS 
process. The array connections are formed with proven EE cells. Inputs and outputs are designed 
to be compatible with TTL devices. This technology provides strong input clamp diodes, output 
slew-rate control, and a grounded substrate for clean switching. 


PCI Compliance 


The PALCE22V10H devices in the -5/-7/-10 speed grades are fully compliant with the PCT Local 
Bus Specification published by the PCI Special Interest Group. The PALCE22V10H’s predictable 
timing ensures compliance with the PCI AC specifications independent of the design. 


Zero-Standby Power Mode 


The PALCE22V10Z features a zero-standby power mode. When none of the inputs switch for an 
extended period (typically 50 ns), the PALCE22V10Z will go into standby mode, shutting down 
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most of its internal circuitry. The current will go to almost zero Ucc < 30 pA). The outputs will 
maintain the states held before the device went into the standby mode. 


When any input switches, the internal circuitry is fully enabled, and power consumption returns 
to normal. This feature results in considerable power savings for operation at low to medium 
frequencies. This saving is illustrated in the Icc vs. frequency graph. 


Product-Term Disable 


On a programmed PALCE22V10Z, any product terms that are not used are disabled. Power is cut 
off from these product terms so that they do not draw current. As shown in the Icc vs. frequency 
graph, product-term disabling results in considerable power savings. This saving is greater at the 
higher frequencies. 


Further hints on minimizing power consumption can be found in a separate document entitled, 
Minimizing Power Consumption with Zero-Power PLDs. | 
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LOGIC DIAGRAM 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature.............. -65°C to +150°C 


Commercial (C) Devices 


Ambient Temperature with Ambient Temperature (T,) 


aan fe : Heds : : ee Te te poe AOte < Operating in Free Air............... 0°C to +75°C 
u oltage wit ’ 

ae to cou ge A Socal Avena eg ds -0.5 V to +7.0 V ae is paseo oe ee +4.75 V to +825 V 
DC Input Voltage ............ Sey coe Operating ranges define those limits between which the func- 
DC Output or I/O Pin Voltage. . .-0.5 Vto Vcc + 1.0 V tionality of the device is guaranteed. 

Static Discharge Voltage ...............04. 2001 V 

Latchup Current (T, = 0°C to +75°C)........ 100 mA 


Stresses above those listed under Absolute Maximum Ratings 
may cause permanent device failure. Functionality at or above 
these limits is not implied. Exposure to Absolute Maximum 
Ratings for extended periods may affect device reliability. 

‘ Programming conditions may vary. 


DC CHARACTERISTICS OVER COMMERCIAL OPERATING RANGES 


Parameter 
Symbol Parameter Description Test Conditions 


V 


Guaranteed Input Logical HIGH 
Vin Input HIGH Voltage 
| : Voltage for all Inputs (Note 1) 
Guaranteed Input Logical LOW 
Vir Input LOW Voltage 
Voltage for all Inputs (Note 1) 
I == put HIGH Leakage Current Vin = Voc Voc = Max (Note 2) ae 


Off-State Output Leakage Vout = Yoo: Voc = Max, 
‘ou Current HIGH Vin = Vyy, oF Vigq (Note 2) 


Notes: 
1. These are absolute values with respect to the device ground, and all overshoots due to system and tester noise are included. 


2. VO pin leakage is the worst case of Ij, and Ipzyz, (or Iz and Ipzzp. 


3. Not more than one output should be tested at a time, and the duration of the short-circuit test should not exceed one second. 
Vour= 9.5 V has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE 


Parameter 
Symbol Parameter Description Test Conditions 


fa Input Capacitance Vin = 2.0 V 
Output Capacitance Vout = 2-0 V 2, 


Note: 
1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified where 
capacitance may be affected. 


SWITCHING CHARACTERISTICS OVER COMMERCIAL OPERATING RANGES ! 


Parameter a ee 
Symbol Parameter Description eds 


mitre toners Owpa 
"See Sana! 


sadINaq Wd 


Maximum Frequency (Note 3) 


t 


fax 
tea Input to Output Enable Using Product Term Control 
te Input to Output Disable Using Product Term Control 


Notes: 
1. See “Switching Test Circuit” for test conditions. 


2. Skew is measured with all outputs switching in the same direction. 


3. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified where 
frequency may be affected. 


4. tcp is a calculated value and is not guaranteed. tcp can be found using the following equation: 
tcr = 1/fyax (internal feedback) - ts. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature.............. -65°C to +150°C 


Commercial (C) Devices 


Ambient Temperature with Ambient Temperature (T,) 


roe APPUCE pease aky eater hayes seen at ZONG Operating in Free Air............... O°C to +75°C 

ee tees ayia Respect 05 Vto+7.0V Supply Voltage (Vcc) with 3 
Re ee ee Ee Respect to Ground............. +4.75 V to +5.25 V 

DC Input Voltage ............ oY VO Vice Fa OY. : Operating ranges define those limits between which the func- 

DC Output or I/O Pin Voltage. . .-0.5 V to Vec + 1.0 V tionality of the device is guaranteed. 

Static Discharge Voltage ................. 2001 V 

Latchup Current (Ty = 0°C to +75°C)........ 100 mA 


Stresses above those listed under Absolute Maximum Ratings 
may cause permanent device failure. Functionality at or above 
these limits is not implied. Exposure to Absolute Maximum 
Ratings for extended periods may affect device reliability. 
Programming conditions may vary. 


DC CHARACTERISTICS OVER COMMERCIAL OPERATING RANGES 
[Symbol_[ Parameter Description [Test Conditions ———=«d;~—SMin—=«|—=Max=| Unt 


Output LOW Voltage Iz, = 16 mA, Vpy = Vyq oF Viz, Voc = Min 


Vou 4 
Vo es 
Guaranteed Input Logical LOW 
Vit Input LOW Voltage P Bt 
Voltage for all Inputs (Note 1) 
hy eet 
Isc 


in | Input HIGH Leakage Current Vin = Veo, Voc = Max (Note 2) 


ant 
a 
Lm 

1 


Off-State Output Leakage 
Current HIGH Vout = Yoo: Voc = Max, Vyy = Vzz, or Vy (Note 2) 


yA 
Off-State Output Leakage 
Current LOW ave 
Output Short-Circuit Vout = 9.5 V, VCC = Max 
Ty = 25°C (Note 3) ae Gee Pes 
Ioc (Static) Supply Current Outputs Open, (Igqyp = 0 mA), Voc = Max P| ts] ma 
I¢c (Dynamic) | Supply Current Outputs Open, (Ipyy = 0 mA), Voc = Max, f = 25 MHz a a 


Notes: 
_ 1. These are absolute values with respect to the device ground, and all overshoots due to system and tester noise are included. 


2. I/O pin leakage is the worst case of Iy, and Ipzz (or Ipzz and Ipzzp. 


3. Not more than one output should be tested at a time. Duration of the short-circuit test should not exceed one second. 
Vout = 0.5 V bas been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE ' 


Parameter 
Symbol Parameter Description Test Conditions 


ow | om | 
Output Capacitance Vout = 2.0 V 


so | 
Note: 


1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified where 
capacitance may be affected. 


SWITCHING CHARACTERISTICS OVER COMMERCIAL OPERATING RANGES . 


Parameter 


Parameter Description 


tp Input or Feedback to Combinatorial Output 3 
Setup Time from Input or Feedback oe 
2 


7 


w | oe nN 


— 
—y 
— 


Ca 

iteewe | Skew Between Registered Outputs (Note 2) 

fax |Wncirwow testteonenTine SiC 

2 
| 

Ais + teo) a 


fuax aa Frequency | ras Feedback Ig + tog) (ote 4) " 


No Feedback 1/(typy + tw) 142.8 
Input to Output Enable Using Product Term Control 
te =| Input to Output Disable Using Product Term Control 


Notes: 
1. See “Switching Test Circuit” for test conditions. 
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ee) 
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2. Skew is measured with all outputs switching in the same direction. 


3. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified where 
frequency may be affected. 


4. tcp is a calculated value and is not guaranteed. tcr can be found using the following equation: 
tor = 1/fyax Cinternal feedback) - ts. 
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ABSOLUTE MAXIMUM RATINGS 


Storage Temperature.............. -65°C to +150°C 
Ambient Temperature with 

Power Applied... 0.25. ..2500045- -55°C to +125°C 
Supply Voltage with Respect 

(6 GIOUNG 20g eee eke Gee es -0.5 V to +7.0 V 
DC Input Voltage ............ -0.5 Vto Veco + 1.0 V 
DC Output or I/O Pin Voltage. . .-0.5 V to Voc + 1.0 V 
Static Discharge Voltage ...... ne eer ees 2001 V 
Latchup Current (Ty, = 0°C to +75°C)........ 100 mA 


Stresses above those listed under Absolute Maximum Ratings 
may cause permanent device failure. Functionality at or above 
these limits is not implied. Exposure to absolute maximum rat- 
ings for extended periods may affect device reliability. 
Programming conditions may vary. 


OPERATING RANGES 


Commercial (C) Devices 


Ambient Temperature (T,4) | 
Operating in Free Air............... O°C to +75°C 
Supply Voltage (Vcc) with 

Respect to Ground............. +4.75 V to +5.25 V 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 


DC CHARACTERISTICS OVER COMMERCIAL OPERATING RANGES 


Output Short-Circuit 
Current 


Ta = 25°C (Note 3) 


Notes: 


Parameter 
Symbol Parameter Description Test Conditions 


Output HIGH Voltage Toy = -3.2 mA, Vpy = Voy or Vy, Veg = Min 


[eal 
20 | 
Guaranteed Input Logical LOW 

in Input HIGH Leakage Current Vin = Veo: Voc = Max (Note 2) ae 

i, Input LOW Leakage Current Vin = 9 V, Voc = Max (Note 2) 

lozn 

Isc 

Ioc ( i 


Off-State Output Leakage 

fe Current HIGH VouT = Vcc: Vcc = Max, VIN = Vin or Vin (Note 2) 
Off-State Output Leakage Vout = 9 V, Voc = Max 
Current LOW Vin = Viz OF Vip (Note 2) 


VouT = 0.5 V, VCC = Max 


Supply Current Outputs Open, (Igy =0mA),Voc=Max,f=25MBz | | _—120 


1. These are absolute values with respect to the device ground, and all overshoots due to system and tester noise are included. 


2. I/O pin leakage is the worst case of I, and Ipz;, (or Iz and Ipzpp. 


3. Not more than one output should be tested at a time. Duration of the short-circuit test should not exceed one second. 
Vout = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE * 


Parameter 
pana Parameter Description Test Conditions 


Cy Input Capacitance Vin = 2.0 V 
aa Output Capacitance Vout = 2-0 V 


Note: 
1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified where 


capacitance may be affected. 


SWITCHING CHARACTERISTICS OVER COMMERCIAL OPERATING RANGES ! 


Parameter ge 
Symbol Parameter Description 


bani Ce 


Frequency Internal Feedback (fey) 
(Note2) No Feedback 
Notes: 


1. See “Switching Test Circuit” for test conditions. 


Sa2INad Wd 


2. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified where 
frequency may be affected. 


3. tcopis a calculated value and is not guaranteed. tcp can be found using the following equation: 
lor = 1/fMax (internal feedback) - ty. 
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ABSOLUTE MAXIMUM RATINGS 


Storage Temperature.............. -65°C to +150°C 
Ambient Temperature with 

Power Applied .................. -55°C to +125°C 
Supply Voltage with Respect 

16 Grown nih ot ae ak oe eta -0.5 V to +7.0 V 
DC Input Voltage ............ -0.5 V to Ver + 1.0 V 
DC Output or I/O Pin 

Voltage So avg) an, aia actarte cece Giles gle ae aod -0.5 V to Vcc +1.0V 
Static Discharge Voltage ................. 2001 V 
Latchup Current (T, = 0°C to +75°C)........ 100 mA 


Stresses above those listed under Absolute Maximum Ratings 
may cause permanent device failure. Functionality at or above 
these limits is not implied. Exposure to Absolute Maximum 
Ratings for extended periods may affect device reliability. 
Programming conditions may vary. 


OPERATING RANGES 


Commercial (C) Devices 


Ambient Temperature (T,) 
Operating in Free Air....... Se 0°C to +75°C 
Supply Voltage (Vcc) with 
Respect to Ground............. +4.75 V to +5.25 V 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 


DC CHARACTERISTICS OVER COMMERCIAL OPERATING RANGES 


Input LOW Leakage Current Vin = 9 V, Voc = Max (Note 2) 


Off-State Output Leakage 
Current HIGH 


Off-State Output Leakage 
Current LOW 


Vout = Yeo: Voc = Max 
Vin = Vyz OF Vy (Note 2) 
Vout = 9 V, Vcc = Max 
Vin = Vy, Of Ving (Note 2) 


Vout = 9-5 V, Veg = 5 V 
Ty = 25°C (Note 3) 


Ioc (Static) Supply Current 


Notes: 


iy -—=—=—_—| Input HIGH Leakage Current Vin = Voc: Voc = Max (Note 2) 
: 


Vin = 0 V, Outputs Open (yy = OmA), 
Vcc = Max (Note 4) 


1. These are absolute values with respect to the device ground, and all overshoots due to system and tester noise are included. 


2. I/O pin leakage is the worst case of In, and Ipz;, (or Inz and Ipzz). 


3. Not more than one output should be tested at a time, and the duration of the short-circuit test should not exceed one second. 
Vour = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 


4. This parameter is guaranteed worst case under test condition. Refer to the Icc vs. frequency graph for typical Icc 


characteristics. 
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CAPACITANCE * 


Parameter 
ani Parameter Description Test Conditions 


Gy ‘| Input Capacitance Vin = 2.0 V 
a Output Capacitance Vout = 2-0 V 


Note: 
1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified where 
capacitance may be affected. 


SWITCHING CHARACTERISTICS OVER COMMERCIAL —— RANGES ! 


Parameter 
none Parameter Description 


tp =| Amput or Feedback to Combinatorial Output 
— oa Time from Input, Feedback or SP to Clock 


——— Clock to Output 
—— Asynchronous Reset to Registered Output 


Asynchronous Reset Width 
Asynchronous Reset Recovery Time 
Synchronous Preset Recovery Time 


ie al HOW 
ble Clock Width 

External Feedback I/(tg + te) 
fax 
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Maximum Frequency (Note 2) _| Internal Feedback (foyp) | 1/(tg + tog) (Note 3) 
No Feedback 1/ (typ + ty) 
Input to Output Enable Using Product Term Control 
te Input to Output Disable Using Product Term Control 
Notes: 


1. See “Switching Test Circuit” for test conditions. 


2. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified where 
frequency may be affected. 


3. tcp is a calculated value and is not guaranteed. tcp can be found using the following equation: 
tor = 1/fyax (internal feedback) - ts. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature.............. -65°C to +150°C 


Commercial (C) Devices 


Ambient Temperature with Ambient Temperature (Ty) 


EOWEH ADD UC ar eaean cae renee: Pe One Operating in Pree Ait... e440. jou G3 a O°C to +75°C 
es aa mL Resped 0.5 V to +7.0V Supply Voltage (Vcc) with 

Ban tg iene a erabe «So fg Respect to Ground (H/Q-15) ..... +4.75 V to +5.25 V 

bode eh ese eck -Q. +02. : 

DC Input Voltage . 0.5 V to Veco + 0.5 V Supply Voltage (Vc) with 
DC Output or I/O Pin Respect to Ground (H/Q-25) ....... +4.5V to +5.5V 
VONBRS sc ops-ouvien sana inas SOLO NGL IY Operating ranges define those limits between which the func- 
Static Discharge Voltage ................. 2001 V tionality of the device is guaranteed. 
Latchup Current (T, = 0°C to +75°C)........ 100 mA 


Stresses above those listed under Absolute Maximum Ratings 
may cause permanent device failure. Functionality at or above 
these limits is not implied. Exposure to Absolute Maximum Rat- 
ings for extended periods may affect device reliability. 
Programming conditions may vary. 


DC CHARACTERISTICS OVER COMMERCIAL OPERATING RANGES 


Parameter 
Symbol 
Vou 


Guaranteed Input Logical HIGH Voltage for all Inputs 
(Note 1) 


Guaranteed Input Logical LOW Voltage for all Inputs 
(Note 1) 


Off-State Output Leakage 
Current HIGH 


Off-State Output Leakage 


| Current LOW Vout = 9 ¥; Voc = Max, Vin = Viz, or Vppy (Note 2) 


Vout = 9.5 V, Ven = 5 V 
Ty = 25°C (Note 3) 

Vin = 0 V, Outputs Open 
(lout = 0 mA), Voc = Max 


Notes: 
1. These are absolute values with respect to the device ground, and all overshoots due to system and tester noise are included. 


2. VO pin leakage is the worst case of Ij, and Ipzz, (or Ip, and Ipzzp. 


3. Not more than one output should be tested at a time, and the duration of the short-circuit test should not exceed one second. 
Vout = 9.5 V has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE 1 


Parameter 
Symbol Parameter Description Test Conditions 


Input Capacitance Vin = 2.0V 
Output Capacitance Vout = 2.0 V 


Note: 
1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified where 
capacitance may be affected. 


SWITCHING CHARACTERISTICS OVER COMMERCIAL OPERATING RANGES ! 


Parameter a oe ae 
Se ee 


CC 
is [Seine from input FebackorsPiocik ———~—=SC~sC TT 
uit 
ix [Acne Ret Reed 

ancora eaRewwen ne ——SSSSCSCS~Ci 


tee | Synchronous Preset Recovery Time 


tee [io I 

: 

” Clock Width a 

= Cc 

Maximum Frequency External Feedback 1/ (ty + tco) 
(Note 2) Internal Feedback (foyyy) | 1/(tg + tcp) (Note 3) 

ta | Input to Output Enable Using Product Term Control | 


Input to Output Disable Using Product Term Control 
Notes: 
1. See “Switching Test Circuit” for test conditions. 


2. These parameters are not 100% tested, but are evaluated at initial characterization and at any time 
the design is modified where frequency may be affected. 


3. tcp is a calculated value and is not guaranteed. tcr, can be found using the following equation: 
tor = I/fyax (internal feedback) - ts. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature.............. -65°C to +150°C 


industrial (1) Devices 


Ambient Temperature with Ambient Temperature (T,) 


PONE PUG Ora a ene tape G2 OF 22 CAO EIZ SC Operating in Free Air.............. -40°C to +85°C 
ae tics ed c 05Vto+7.0V Supply Voltage (Vcc) with 

ne ee Respect to Ground...............t4.5 Vto +5.5 V 
DC Input Voltage evenness es NON eg ON Operating ranges define those limits between which the func- 
DC Output or I/O Pin tionality of the device is guaranteed. © 
VONAGE: don. corny ee aay OL ela -0.5 V to Vcc + 0.5 V 
Static Discharge Voltage ................. 2001 V 
Latchup Current (T, = -40°C to +85°C) ...... 100 mA 


Stresses above those listed under Absolute Maximum Ratings 
may cause permanent device failure. Functionality at or above 
these limits is not implied. Exposure to Absolute Maximum Rat- 
ings for extended periods may affect device reliability. 
Programming conditions may vary. 


DC CHARACTERISTICS OVER INDUSTRIAL OPERATING RANGES 


Parameter 
Symbol Parameter Description Test Conditions 
a 
V 


Von Output HIGH Voltage Ion = -3-2 mA, Vpn = Vp OF Vit, Vcc = 
Output LOW Voltage Ipy, = 16 mA, Vyy = Vyq OF Vint, Vcc = Min 0.4 


Vou 

Yo. =| Ouputtiowvoltage a 
Guaranteed Input Logical HIGH 

laa eid Yomage ree all apus Ne pe | 
Guaranteed Input Logical LOW 

Input LOW Voltage Voltage for all Inputs (Note 1) 

‘I =~ Input HIGH Leakage Current Vin = Voc Voc = Max (Note 2) Pf to 

Input LOW Leakage Current Vin = OV, Voc = Max (Note 2) pf 00 | 

ae a as 

ele SS 

eo | we 


Off-State Output Leakage Current HIGH | Voryy = Vcc, Voc = Max, Vin = Viz, of Vipq (Note 2) pA 
Off-State Output Leakage Current LOW | Voy = 0 V, Voc = Max, Vin = Vy, or Vy (Note 2) A 


V 
V 
HA 
yA 
yA 
yA 
Isc Output Short-Circuit Current oo . a -130 
A _ 

(Static) Supply Current Fi 20% | Vix = OV, Outputs Open mA 

= ial H-10/15 | our = 0 mA), Voc = Max 0 
, Vin = 0 V, Outputs Open 

Notes: 


1. These are absolute values with respect to the device ground, and all overshoots due to system and tester noise are included. 


2. VO pin leakage is the worst case of I, and Ipz;, (or Iz and Ipzzp. 


3. Not more than one output should be tested at a time, and the duration of the short-circuit test should not exceed one second. 
Vout = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 


348 PALCE22V10H-10/15/20/25 (Ind) 


CAPACITANCE ! 


Parameter 
Symbol Parameter Description Test Conditions Typ 
F 


Note: 
1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified where 


capacitance may be affected. 


SWITCHING CHARACTERISTICS OVER INDUSTRIAL OPERATING RANGES ' 


Clock to Output 
Asynchronous Reset to Registered Output 
Asynchronous Reset Width 


fo.) 


eed 
wn Ye 


. 


V/(ts + teo) 
Frequency _| Internal Feedback (fqyy) | 1/(tg + top) (Note 3) 


Input to Output Enable Using Product Term Control 


Input to Output Disable Using Product Term Control 


Notes: 
1. See “Switching Test Circuit” for test conditions. 


2. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified where 
Srequency may be affected. 


3. tor is a calculated value and is not guaranteed. tcp can be found using the following equation: 
tcr = 1/fyax (internal feedback) - ts. 


PALCE22V10H-10/15/20/25 (ind) 349 


~ 
> 
re 
oy) 
a) 
<, 
va 
a>) 
nv 


Vy 


ABSOLUTE MAXIMUM RATINGS | OPERATING RANGES 

Storage Temperature.............. -65°C to +150°C Industrial (1) Devices 

Ambient Temperature with : : 6 

Power Applicd  gaceticss. wescroien ia he 55°C to +125°C Ambient Temperature (Ty). ......... -40°C to +85°C 
’ Supply Voltage (Vcc) with 

Supply Voltage with Respect | 

tO Ground) n-0cced Se awe dees -0.5 V to +7.0 V PSPC E ROU etn erie pias Pe a, 

Operating ranges define those limits between which the func- 

DC Input Voltage ............ -0.5 V to Voc + 0.5 V tionality of the device is guaranteed. 

DC Output or I/O Pin 

NOMAGE® cate ins cte nc igh aa ee or bes -0.5 V to Voc + 0.5 V 

Static Discharge Voltage ................. 2001 V 

Latchup Current (T, = -40°C to +85°C) ...... 100 mA 


Stresses above those listed under Absolute Maximum Ratings 
may cause permanent device failure. Functionality at or above 
these limits is not implied. Exposure to Absolute Maximum Rat- 
ings for extended periods may affect device reliability. 
Programming conditions may differ. 


DC CHARACTERISTICS OVER INDUSTRIAL OPERATING RANGES 


Parameter 
Symbol Parameter Description Test Conditions 
Vou Output HIGH Voltage IN lH IL OH = eee oe 


[oy = 16 mA 0.5 
VoL Output LOW Voltage loz, = 6mA 

Ip, = 20 HA 

Input HIGH Voltage rere Logical HIGH Voltage for all Inputs 

Input LOW Voltage aan wa Logical LOW Voltage for all Inputs 


| 

lia -—_| Input HIGH Leakage Current Vin = Veco Voc = Max (Note 3) 

Input LOW Leakage Current Vin = 9 V, Voc = Max (Note 3) 

Hom =| Off-State Output Leakage Current HIGH Vout = Vcc: Voc = Max Vin = Vyq or Vy, (Note 3) 

Off-State Output Leakage Current LOW Vour = 0 V, Voc = Max Vin = Vay or Vy, (Note 3) 

Output Short-Circuit Current Vout = 0.5 V, Voc = Max (Note 4) 


Outputs Open (loyy = 0 mA 
Supply Current umpus Open Moor 
Vcc = Max f = 15 MHz 


Notes: 
1. These are absolute values with respect to device ground, and all overshoots due to system or tester noise are included. 


2. Represents the worst case of HC and HCT standards, allowing compatibility with either. 
3. I/O pin leakage is the worst case of Ij, and Igz, (or Ippz and Ipzzp. 
4 


. Not more than one output should be shorted at a time, and the duration of the short-circuit should not exceed one second. 
Vout = 0.5 V bas been chosen to avoid test problems caused by tester ground degradation 
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CAPACITANCE ' 


Parameter 
— Parameter ee orn Test Conditions 


Gy —-=s« Input Capacitance Capacitance Vy=20V0 2. Vy=20V0 V 
Output Capacitance Vout = 2-0 V 


Note: 
1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified where 
capacitance may be affected. 


SWITCHING CHARACTERISTICS OVER INDUSTRIAL OPERATING RANGES 


Parameter oe 
Symbol Parameter Description 
tep 


fn | rte CoainanelOwpe 
[5 ____|Sswpinefon nu RebckorSPodok 
i 


Asynchronous Reset to Registered Output 
Asynchronous Reset Width 


tarR Asynchronous Reset seit Time 
fmm — ds 
———— 

tn 


te | Input to Output Enable Using Product Term Control 
ite =| Input to Output Disable Using Product Term Control 
Notes: 


1. See “Switching Test Circuit” for test conditions. 


2. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where frequency may be affected. 


3. tog is a calculated value and is not guaranteed. tcp can be found using the following equation: 
tog = 1/fmax (internal feedback) - ts. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 

Storage Temperature.............. -65°C to +150°C Commercial (C) Devices 

Ambient Temperature with é 8 

POWEPAP BIEN: ts uct Sewanee 55°C to +125°C Ambient Temperature (Ty). .......... O°C to +75°C 
; Supply Voltage (Vcc) with 

Supply Voltage with Respect 

(O.Ground: } 26 one Sk oe 4 Sees -0.5 V to +7.0 V Respect WO GTOUNG Gt ots ae tse +4.75 V to +5.25 V 

DC Input Voltage ............ -0.5 V to Vee + 0.5 V Industrial (I) Devices 

DC Output or I/O Pin Ambient Temperature (Ta). ........ -40°C to +85°C 

Voltage HD. Preeto te Ghee es Be Oe -0.5 V to Vcc + 0.5 V Supply Voltage (Voc) with 

Static Discharge Voltage ..... alae bas. Sank Saas 2001 V - Respect to Ground............... +4.5V to +5.5 V 

Latchup Current (T, = -40°C to +85°C) ...... 100 mA Operating ranges define those limits between which the func- 


; , ti it e ice 1 ranteed. 
Stresses above those listed under Absolute Maximum Ratings IE) OF IREGEICGS BUGTATIESE 


may cause permanent device failure. Functionality at or above 
these limits is not implied. Exposure to Absolute Maximum 
Ratings for extended periods may affect device reliability. 
Programming conditions may differ. 


DC CHARACTERISTICS OVER COMMERCIAL AND INDUSTRIAL OPERATING 
RANGES 


Parameter | 
Symbol Parameter Description Test Conditions 
V 


ac 


Vin = Vig or V. 


y__[mpatt0W Leaiape cures [Yin=OWVor=Marues) 

om [Sue OuptLeaags Cron |Your = Vo Yar= Mas Yn = Vn ot HED) | 

on oie Oui Gurr tow [Voor= Oo. = Max Yn= Vn, We |__| | a 
mA 


Io Supply Current Outputs Open (Ioyy = 0 mA) f= 0 MHz a 


Notes: 
1. These are absolute values with respect to device ground, and all overshoots due to system or tester noise are included. 


=< 


2. Represents the worst case of HC and HCT standards, allowing compatibility with either. 
3. VO pin leakage is the worst case of I, and Igzz (or Izy and Ipzzp. 
4 


. Not more than one output should be shorted at a time, and the duration of the short-circuit should not exceed one second. 
Vour = 0.5 V bas been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE 1 


Parameter 
Symbol Parameter Description Test Conditions 


Typ 
F 
1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified where 


Note: 
capacitance may be affected. 


SWITCHING CHARACTERISTICS OVER COMMERCIAL AND INDUSTRIAL 
OPERATING RANGES | 


Parameters a 
Symbol Parameter Description | Min = | Max | 


Cn 


Glock to Output ak 
Asynchronous Reset to Registered Output a i ae 


a 


Asynchronous Reset Width 


ture Asynchronous Reset Recovery Time 


ow SSSCSCS~S 

Clock Width 
me SSSCSCS~S 
External Feedback I/(ts + tog) 


Maumim Peay neal dick Ge) |W rig) GOED | 87 
fax (Notes 3) Internal Feedback (feyy) | 1/(ts + tcp) (Note 4) 35.7 
50 


FA Input to Output Enable Using Product Term Control lL - . 25 
Input to Output Disable Using Product Term Control he al 
Notes: 


1. See “Switching Test Circuit” for test conditions. 


2. This parameter is tested in Standby Mode. When the device is not in Standby Mode, the tpyy will typically be 5 ns faster. 


3. These parameters are not 100% tested, but are evaluated at initial characterization and at any time 
the design is modified where frequency may be affected. 


4. top is a calculated value and is not guaranteed. tc; can be found using the following equation: 
toe = I/fyax (internal feedback) - ts. 
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SWITCHING WAVEFORMS 


Input, I/O, or input, I/O, Vv 
Feedback MT or Feedback ? 
<— tpp—» ~<— ts <«—r| ty 
Combinatorial Vv V 
Output i Clock T 
tco 
Registered 
Output MT 
16564-007 16564-008 
a. Combinatorial output | b. Registered output 


<— twH —» 


Clock Input 


twL 


Output 


16564-009 16564-010 
c. Clock width d. Input to output disable/enable 


Input Input 
Asserting Asserting 

Asynchronous Synchronous Vr 
Preset Preset 


Registered 


Output Clock 


Registered 


Vr Output Vr 
Clock P 


16564-011 16564-012 
e. Asynchronous reset f. Synchronous preset 


Notes: 
1. Vr = 1.5 Vz 


2. Input pulse amplitude O V to 3.0 V. 
3. Input rise and fall times 2 ns to 5 ns typical. 
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KEY TO SWITCHING WAVEFORMS 


WAVEFORM INPUTS 


Must be 
Steady 


May 
Change 
from H to L 


May 


Change 
from L to H 


Don’t Care, 
Any Change 
Permitted 


Does Not 
Apply 


SWITCHING TEST CIRCUIT 


Output 


Z—>H:Open | — H: Z—>H:Open | 50 pF 


Z— L: Closed 
L > Z: Closed 


ee en ae 


OUTPUTS 


Will be 
Steady 


Will be 
Changing 
from H to L 


Will be 
Changing 
from L to H 


Changing, 
State 
Unknown 


Center 

Line is High- 
Impedance 
“Off” State 


16564E-013 


Test Point 


16564-014 


390 Q 5V 


H-5/7: 
300 Q 


All except H-5/7: 


H + Z: Vou - 0.5V 
LZ: Vo, + 0.5 V 
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TYPICAL Icc CHARACTERISTICS 
Vec = 5.0 V, Ta — 25°C 


150 
125 22V10H-5 
22V10H-7 
22V10H-10 
100 
_—? savin 
22V10Q-10 
22V10Q-25 
50 
25 
0 
0 10 20 30 40 50 
Frequency (MHz) 
Icc vs. Frequency 16564E-015 


The selected “typical” pattern utilized 50% of the device resources. Half of the macrocells were programmed as registered, 
and the other half were programmed as combinatorial. Half of the available product terms were used for each macrocell. On 
any vector, half of the outputs were switching. 


By utilizing 50% of the device, a midpoint is defined for Ioc., From this midpoint, a designer may scale the Icc graphs up or 
down to estimate the Ico requirements for a particular design. 
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TYPICAL Icc CHARACTERISTICS FOR THE PALCE22V10Z-15 
Voc = 5.0 V, Ta = 25°C 
100%* 
50% * 
75 


25%* 
Icc (mA) 


0 15 30 45 60 


*Percent of product terms used. Frequency (MHz) 16564E-016 


Icc vs. Frequency Graph for the PALCE22V10Z-15 


TYPICAL Icc CHARACTERISTICS FOR THE PALCE22V10Z-25 
Vcc = 5.0 V, Ta = 25°C 


a”) 
> 
rr 
Oo 
rae) 
Ss. 
ra) 
om 
7, 


120 
100%* 


50%* 


100 
25%* 


80 
Icc (mA) 
60 


40 


20 


0 ) 10 15 20 25 30 35 40 45 50 


“Percent of product terms used. Frequency (MHz) 16564E-017 


Icc vs. Frequency Graph for the PALCE22V10Z-25 
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ENDURANCE CHARACTERISTICS 


The PALCE22V10 is manufactured using Vantis’ advanced electrically-erasable (EE) CMOS process. 
This technology uses an EE cell to replace the fuse link used in bipolar parts. As a result, the device 
can be erased and reprogrammed—a feature which allows 100% testing at the factory. 


Min Pattern Data Retention Time Max Storage Temperature 
Max Reprogramming Cycles Normal Programming Conditions 


INPUT/OUTPUT EQUIVALENT SCHEMATICS FOR SELECTED /4 DEVICES* 


Protection 


Input 


Voc Vcc Vcc 


aa 


Rev Letter 


Preload Feedback 
Circuitry Input 


Output 16564E-018 


PALCE22V10H-25 
PALCE22V100-251 
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ROBUSTNESS FEATURES 


The PALCE22V10X-X/5 devices have some unique features that make them extremely robust, 
especially when operating in high-speed design environments. Pull-up resistors on inputs and I/O 
pins cause unconnected pins to default to a known state. Input clamping circuitry limits negative 
overshoot, eliminating the possibility of false clocking caused by subsequent ringing. A special 
noise filter makes the programming circuitry completely insensitive to any positive overshoot that 
has a pulse width of less than about 100 ns for the /5 version. 


INPUT/OUTPUT EQUIVALENT SCHEMATICS FOR /5 VERSION DEVICES 


Vec Vec 


| Pins only - Programming Positive 
ESD bee ew wr ee Voltage Overshoot Pie Ing 
Protection Detection Filter y 


and 


Clamping Typical Input 


Vec Vec 


a) 
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Provides ESD 

Protection and 

Clamping Preload Feedback 
Circuitry Input 


16564-16 


Typical Output 
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INPUT/OUTPUT EQUIVALENT SCHEMATICS FOR PALCE22V1 0Z 


Vcc 


ESD Input | Programming — 
Protection Transition | Pins only - 


Programming Positive 
and Detection “+---------— Voltage Overshoot Programming 
Clamping Detection Filter Circuitry 


Typical Input 


Vcc 


Provides ESD 
Protection and 
Clamping 


Preload Feedback Input 
= Circuitry Input Transition 
Detection 


Typical Output 
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POWER-UP RESET 


The power-up reset feature ensures that all flip-flops will be reset to LOW after the device has been 
powered up. The output state will depend on the programmed pattern. This feature is valuable in 
simplifying state machine initialization. A timing diagram and parameter table are shown below. 
Due to the synchronous operation of the power-up reset and the wide range of ways Vcc can rise 
to its steady state, two conditions are required to ensure a valid power-up reset. These conditions 


are: 
@ The Vcc rise must be monotonic. 


@ Following reset, the clock input must not be driven from LOW to HIGH until all applicable input 
and feedback setup times are met. 


Parameter 
Symbol Parameter Description 


te | Power-up Reset Time 
Input or Feedback Setup Time See Switching 
Clock Width LOW Characteristics 


AV 


ic 
Vcc 
Power Vcc Off 


Registered ) y, 
Active-Low / /5 
Output 
Clock \\A 
\ /| 


16564E-021 


Figure 3. Power-Up Reset Waveform 
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TYPICAL THERMAL CHARACTERISTICS 
PALCE22V10 | 


Measured at 25°C ambient. These parameters are not tested. 


Parameter _ 
Symbol Parameter Description SKINNY DIP PLCC 


Plastic 0jc Considerations 


The data listed for plastic @jc are for reference only and are not recommended for use in calculating junction temperatures. The 
heat-flow paths in plastic-encapsulated devices are complex, making the 0jc measurement relative to a specific location on the pack- 
age surface. Tests indicate this measurement reference point is directly below the die-attach area on the bottom center of the package. 
Furthermore, Qjc tests on packages are performed in a constant-temperature bath, keeping the package surface at a constant tem- 
perature. Therefore, the measurements can only be used in a similar environment. 


362 | PALCE22V10 and PALCE22V10Z Families 


CONNECTION DIAGRAMS 
Top View 


SKINNYDIP/SOIC PLCC 


x ie a 
fo) Saad (o) - 
~“=22+=06 
ro} => = 
16564E-002 16564E-003 
"For -5, this pin must be grounded for guaranteed data sheet performance. If not grounded, AC timing may degrade 
by about 10%. aS 
— 
Note: 4 
Pin 1 is marked for orientation. = 
a) 
“" 
PIN DESIGNATIONS 
CLK = Clock 
GND = Ground 
| = Input 
VO = Input/Output 
NC = No Connect 
Voc = Supply Voltage 
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ORDERING INFORMATION 


Commercial and Industrial Products 


Vantis programmable logic products for commercial and industrial applications are available with several ordering options. The 
order number (Valid Combination) is formed by a combination of: 


PAL CE 22 V 10H 5 J C 5 


FAMILY TYPE | 


PAL = Programmable Array Logic 


PROGRAMMING DESIGNATOR 


TECHNOLOGY " ; 
CE = CMOS Electrically Erasable Blank = Initial Algorithm 
/4 = First Revision 
NUMBER OF /5 = Second Revision 
ARRAY INPUTS (Same Algorithm as /4) 
OUTPUT TYPE . OPERATING CONDITIONS 
V = Versatile C = Commercial (0°C to +75°C) 
I = Industrial (-40°C to +85°C) 
NUMBER OF OUTPUTS PACKAGE TYPE 
POWER P = 24-Pin 300 mil Plastic 
Q = Quarter Power (90-140 mA Ic) SKINNYDIP (PD3024) . 
H = Half Power (90-140 mA loc) J = 28-Pin Plastic Leaded Chip 
Z = Zero Power (15 pA Icc standby) Carrier (PL 028) 
S = 24-Pin Plastic Gull-Wing 
Small Outline Package 
(SO 024) 
SPEED 
-5 = 5nst 
Valid Combinations = as ie 
-10 = 10 ns tpp 
-15 = 15 ns tpp 
-20 = 20 ns tpp 
-25 = 25 ns tpp 
PALCE22V10Q-10 


Valid Combinations 
Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local 
Vantis sales office to confirm availability of specific valid 
combinations and to check on newly released 
combinations. 


PALCE22V10H-20 


PALCE22V10H-25 


PALCE22V10Q-25 
PALCE22V102Z-15 
PALCE22V102Z-25 


PALCE22V10H-5 
PALCE22V10H-7 ; 
PALCE22V10H-10 


PALCE22V10H-15 
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PALLV22V10 COMI'L: -7/10/15 IND: -15 


PALLV22V10Z IND: -25 
Mae = PALLV22V/10 and PALLV22V10Z Families 
| BEYOND PERFORMANCE Low-Voltage (Zero Power) 24-Pin EE CMOS 


Versatile PAL Device 


DISTINCTIVE CHARACTERISTICS 


@ Low-voltage operation, 3.3 V JEDEC compatible 

— Vcc = + 3.0 V to 3.6 V 

Commercial and industrial operating temperature range 

7.5-ns tpp 

Electrically-erasable technology provides reconfigurable logic and full testability 


10 macrocells programmable as registered or combinatorial, and active high or active low to 
match application needs 

Varied product term distribution allows up to 16 product terms per output for complex 
functions 

Global asynchronous reset and synchronous preset for initialization 

Power-up reset for initialization and register preload for testability 

Extensive third-party software and programmer support 

24-pin SKINNY DIP and 28-pin PLCC packages save space 


> ¢¢%¢ 94 
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GENERAL DESCRIPTION 


The PALLV22V10 is an advanced PAL® device built with low-voltage, high-speed, electrically- 
erasable CMOS technology. 


The PALLV22V10Z provides low voltage and zero standby power. At 30 pA maximum standby 
current, the PALLV22V10Z allows battery powered operation for an extended period. 


The PALLV22V10 device implements the familiar Boolean logic transfer function, the sum of 
products. The PAL device is a programmable AND array driving a fixed OR array. The AND array 
is programmed to create custom product terms, while the OR array sums selected terms at the 
outputs. 


The product terms are connected to the fixed OR array with a varied distribution from 8 to 16 

across the outputs (see Block Diagram). The OR sum of the products feeds the output macrocell. 
Each macrocell can be programmed as registered or combinatorial, and active high or active low. 
The output configuration is determined by two bits controlling two multiplexers in each macrocell. 
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BLOCK DIAGRAM 
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FUNCTIONAL DESCRIPTION 


The PALLV22V10 is the low-voltage version of the PALCE22V10. It has all the architectural features 
of the PALCE22V10. 


The PALLV2210Z is the low-voltage, zero-power version of the PALCE22V10. It has all the 
architectural features of the PALCE22V10. In addition, the PALLV22V10Z has Zero standby power 
and an unused product term disable feature. 


The PALLV22V10 allows the systems engineer to implement a design on-chip by programming EE 
cells to configure AND and OR gates within the device, according to the desired logic function. 
Complex interconnections between gates, which previously required time-consuming layout, are 
lifted from the PC board and placed on silicon, where they can be easily modified during 
prototyping or production. 


Product terms with all connections opened assume the logical HIGH state; product terms 
connected to both true and complement of any single input assume the logical LOW state. 


The PALLV22V10 has 12 inputs and 10 I/O macrocells. The macrocell (Figure 1) allows one of four 
potential output configurations; registered output or combinatorial I/O, active high or active low 
(see Figure 2). The configuration choice is made according to the user’s design specification and 
corresponding programming of the configuration bits Sg - $;. Multiplexer controls are connected 
to ground (0) through a programmable bit, selecting the “O” path through the multiplexer. Erasing 
the bit disconnects the control line from GND and it floats to Vec (1), selecting the “1” path. 


The device is produced with a EE cell link at each input to the AND gate array, and connections 
may be selectively removed by applying appropriate voltages to the circuit. Utilizing an easily- 
implemented programming algorithm, these products can be rapidly programmed to any 
customized pattern. 
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Variable Input/Output Pin Ratio 


The PALLV22V10 has twelve dedicated input lines, and each macrocell output can be an I/O pin. 
Buffers for device inputs have complementary outputs to provide user-programmable input signal 
polarity. Unused input pins should be tied to Vec or GND. 


Registered Output Configuration 


Each macrocell of the PALLV22V10 includes a D-type flip-flop for data storage and synchronization. 
The flip-flop is loaded on the LOW-to-HIGH transition of the clock input. In the registered 
configuration (S, = 0), the array feedback is from Q of the flip-flop. 


Combinatorial I/O Configuration 


Any macrocell can be configured as combinatorial by selecting the multiplexer path that bypasses 
the flip-flop (S; = 1). In the combinatorial configuration, the feedback is from the pin. 


| $1 | So | Output Configuration 
| | 8 | Resisterediacivetow | 
| 9 | | Resisterediactve igh 
pt | 8 | Combinatoravactve tow 
pt || Combinatoriaactve High 


0 = Programmed EE bit 
1 = Erased (charged) EE bit 
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| 
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Figure 1. Output Logic Macrocell Diagram 


PALLV22V10 and PALLV22V10Z Families 367 


b. Combinatorial/active low 


So = 1 
Sy=1 


c. Registered/active high d. Combinatorial/active high 
18956D-005 


Figure 2. Macrocell Configuration Options 


Programmable Three-State Outputs 


Each output has a three-state output buffer with three-state control. A product term controls the 
buffer, allowing enable and disable to be.a function of any product of device inputs or output 
feedback. The combinatorial output provides a bi-directional I/O pin, and may be configured as 
a dedicated input if the buffer is always disabled. 


Programmable Output Polarity 


The polarity of each macrocell output can be active high or active low, either to match output 
signal needs or to reduce product terms. Programmable polarity allows Boolean expressions to be 
written in their most compact form (true or inverted), and the output can still be of the desired 
polarity. It can also save “DeMorganizing” efforts. 


Selection is controlled by programmable bit Sp in the output macrocell, and affects both registered 
and combinatorial outputs. Selection is automatic, based on the design specification and pin 
definitions. If the pin definition and output equation have the same polarity, the output is 
programmed to be active high (Sp = 1). 


Preset/Reset 


For initialization, the PALLV22V10 has additional preset and reset product terms. These terms are 
connected to all registered outputs. When the synchronous preset (SP) product term is asserted 
high, the output registers will be loaded with a HIGH on the next LOW-to-HIGH clock transition. 
When the asynchronous reset (AR) product term is asserted high, the output registers will be 
immediately loaded with a LOW independent of the clock. 
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Note that preset and reset control the flip-flop, not the output pin. The output level is determined 
by the output polarity selected. 


Benefits of Lower Operating Voltage 


The PALLV22V10 has an operating voltage range of 3.0 V to 3.6 V. Low voltage allows for lower 
operating power consumption, longer battery life, and/or smaller batteries for notebook 
applications. 


Because power is proportional to the square of the voltage, reduction of the supply voltage from 
5.0 V to 3.3 V significantly reduces power consumption. This directly translates to longer battery 
life for portable applications. Lower power consumption can also be used to reduce the size and 
weight of the battery. Thus, 3.3 V designs facilitate a reduction in the form factor. 


A lower operating voltage results in a reduction of I/O voltage swings. This reduces noise 
generation and provides a less hostile environment for board design. A lower operating voltage 
also reduces electromagnetic radiation noise and makes obtaining FCC approval easier. 


3.3-V (CMOS) and 5-V (CMOS and TTL) Compatible Inputs and I/O 


Input voltages can be at TTL levels. Additionally, the PALLV22V10 can be driven with true 5-V 
CMOS levels due to special input and I/O buffer circuitry. 


Power-Up Reset | 


All flip-flops power up to a logic LOW for predictable system initialization. Outputs of the 
PALLV22V10 will depend on the programmed output polarity. The Vcc rise must be monotonic, 
and the reset delay time is 1000ns maximum. 


Register Preload 


The registers on the PALLV22V10 can be preloaded from the output pins to facilitate functional 
testing of complex state machine designs. This feature allows direct loading of arbitrary states, 
making it unnecessary to cycle through long test vector sequences to reach a desired state. In» 
addition, transitions from illegal states can be verified by loading illegal states and observing 
proper recovery. 
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Security Bit 


After programming and verification, a PALLV22V10 design can be secured by programming the 
security EE bit. Once programmed, this bit defeats readback of the internal programmed pattern 
by a device programmer, securing proprietary designs from competitors. When the security bit is 
programmed, the array will read as if every bit is erased, and preload will be disabled. 


The bit can only be erased in conjunction with erasure of the entire pattern. 


Programming and Erasing 


The PALLV22V10 can be programmed on standard logic programmers. It also may be erased to 
reset a previously configured device back to its unprogrammed state. Erasure is automatically 
performed by the programming hardware. No special erase operation is required. 
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Quality and Testability 


The PALLV22V10 offers a very high level of built-in quality. The erasability of the CMOS 
PALLV22V10 allows direct testing of the device array to guarantee 100% programming and 
functional yields. 


- Technology 


The high-speed PALLV22V10 is fabricated with Vantis’ advanced electrically-erasable (EE) CMOS 
process. The array connections are formed with proven EE cells. Inputs and outputs are designed 
to be 3.3-V and 5-V device compatible. This technology provides strong input-clamp diodes, 
output slew-rate control, and a grounded substrate for clean switching. 


Zero-Standby Power Mode 


The PALLV22V10Z features a zero-standby power mode. When none of the inputs switch for an 
extended period (typically 30 ns), the PALLV22V10Z will go into standby mode, shutting down 
most of its internal circuitry. The current will go to almost zero Ucc <30 pA). The outputs will 
maintain the states held before the device went into the standby mode. 


If a macrocell is used in registered mode, switching pin CLK/Ip will not affect standby mode status 
for that macrocell. If a macrocell is used in combinatorial mode, switching pin CLK/Ip will affect 
standby mode status for that macrocell. 


This feature reduces dynamic Icc proportionally to the number of registered macrocells used. If all 
macrocells are used as registers and only CLK/Ip is switching, the device will not be in standby 
mode, but dynamic Ic¢c will typically be <2 mA. This is because only the CLK/Ip buffer will draw 
current. The use of combinatorial macrocells will add on average 5 mA per macrocell (at 25 MHz) 
under these same conditions. 


When any input switches, the internal circuitry is fully enabled, and power consumption returns 
to normal. This feature results in considerable power savings for operation at low to medium 
frequencies. 


Product-Term Disable 


On a programmed PALLV22V10Z, any product terms that are not used are disabled. Power is cut 
off from these product terms so that they do not draw current. Product-term disabling results in 
considerable power savings. This saving is greater at the higher frequencies. 


Further hints on minimizing power consumption can be found in a separate document entitled, 
Minimizing Power Consumption with Zero-Power PLDs. 
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LOGIC DIAGRAM 


PAL Devices 
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ABSOLUTE MAXIMUM RATINGS 


Storage Temperature.............. -65°C to +150°C 
Ambient Temperature with ! 

Power Applied .................. -55°C to +125°C 
Supply Voltage with 

Respect to Ground ............... -0.5 V to +7.0 V 
DC Input Voltage ............... -0.5 V to +5.25 V 
DC Output or I/O Pin Voltage. ..... -0.5 V to +5.25 V 
Static Discharge Voltage ................. 2001 V 
Latchup Current (Ty = 0°C to +75°C)........ 100 mA 


Stresses above those listed under Absolute Maximum Ratings 
may cause permanent device failure. Functionality at or above 
these limits is not implied. Exposure to Absolute Maximum Rat- 
ings for extended periods may affect device reliability. Pro- 
gramming conditions may differ. 


OPERATING RANGES 


Commercial (C) Devices 


Ambient Temperature (Ty). .......... O°C to +75°C 
Supply Voltage (Vcc) with 
Respect to Ground............... +3.0 V to +3.6 V 


Industrial (I) Devices | 
Ambient Temperature (Ta). ......... -40°C to +85°C 


_ Supply Voltage (Vcc) with 


Respect to Ground............... +3.0 V to +3.6 V 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 


DC CHARACTERISTICS OVER COMMERCIAL AND INDUSTRIAL OPERATING 


RANGES 


Parameter 
Symbol Parameter Description 
Vou 


| Output HIGH Voltage 


Voc = Min 


Off-State Output Leakage 
Current HIGH 
Off-State Output Leakage 


I 
OZL Current LOW 


Icc (Static) Supply Current 


Notes: 


Vin = Vin OF Viz 


Ip, = 16 mA 0.5 V 
VoL Output LOW Voltage Vin = Yun OF Viz, OL ae eee 
Ioy, = 100 pA 
V Input HIGH Vol Guaranteed Input Logical HIGH 
u oltage 
i . Ais Voltage for all Inputs (Notes 1, 2) 
Guaranteed Input Logical LOW 

Vit. Input LOW Voltage 

IL 


Voltage for all Inputs (Notes 1, 2) 


In7 —=—S=* put HIGH Leakage Current Vin = Voc: Voc = Max (Note 2) 


Input LOW Leakage Current Vin = 9 V, Veco = Max (Note 2) 


Vout = Yoo Voc = Max 
VIN = Vin or Vin (Note 2) 


Vout = 0 V, Vcc Max 
VIN = Vin or Vit (Note 2) 


Output Short-Circuit Current Vout = 9.5 V, Voc = Max (Note 3) 


= 5 


Outputs f = 0 MHz, Open 
(loyy = 0 mA) 


toa= ten [a Tf 


2.0 5.2 


— oS 
S = S wn ~ 


10 
-10 


-10 


eye [e lehl -] <]- 


-75 
a 
: 
: 


piele 


1. These are absolute values with respect to device ground, and all overshoots due to system or tester noise are included. 


2. VO pin leakage is the worst case of Ir, and Ipnzz, (or Iyzz and Icgzzp. 


3. Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 
Vout = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE * 


Parameter 
Symbol Parameter Description Test Condition 
C 


Input Capacitance Vin = 2.0V 


we | nt 
pF 

Cout Output Capacitance Vout = 2-0 V 

Note: 


1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified where 
capacitance may be affected. 


tare | Asynchronous Reset Recovery Time 
tspp Synchronous Preset Recovery Time 


LOW ; 
ene ow 
wm | HGH 3 
External Feedback I/(ts + tco) 
(Note) [Internal Redback gy) | 1/5 + tp) (Note 3) 
(Note 2) Internal Feedback (fey) I/(tg + tcp) (Note 3) | 133 
tea | Input to Output Enable Using Product Term Control 


tee | Input to Output Disable Using Product Term Control 
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SWITCHING CHARACTERISTICS OVER COMMERCIAL AND INDUSTRIAL 
inn [Foca toatinwrstOupn —_———S—S~S ss |] 
Bil 
to 
Cn 
< 
te 
torw | Asynchronous Reset Width a 
ood 
4 
a 
25 | | 833 


OPERATING RANGES ! 

Parameter 7 | tot 
es sco 
| 35 || 
alice 

2 oe al 
[3 
|B 

[es 

poe a 
ee 

Eta) 
(ay 
33 | 
tlt 
EES 


tpp 
tsy 
Iso 
tco 
taR 
taRW 
fax 
{EA 


i Qe | Ge Wie} ee 
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Notes: 
1. See “Switching Test Circuit” for test conditions. 


2. These parameters are not 100% tested, but are evaluated at initial characterization and at any time 
the design is modified where frequency may be affected. 


3. tcp is a calculated value and is not guaranteed. tcr can be found using the following equation: 
tor = 1/fyax (internal feedback) - ts. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature.............. -65°C to +150°C Industrial (I) Devices 


Ambient Temperature with 


PS Wem ADIEU gcccvied cy antiosantea. 55°C to +125°C Ambient Temperature (Ta). ......... -40°C to +85°C 
Supply Voltage (Vcc) with 

Supply Voltage with 

Respect to Ground ............... -0.5 V to +7.0 V ps cae ee oO oo 
Operating ranges define those limits between which the func- 

DC Input Voltage ................ -0.5 V to +5.5 V tionality of the device is guaranteed. 

DC Output or I/O Pin Voltage....... -0.5 V to +5.5 V 

Static Discharge Voltage ................. 2001 V 

Latchup Current (Ty, = -40°C to 85°C)... ..... 100 mA 


Stresses above those listed under Absolute Maximum Ratings 
may cause permanent device failure. Functionality at or above 
these limits is not implied. Exposure to Absolute Maximum Rat- 
ings for extended periods may affect device reliability. Pro- 
gramming conditions may differ. 


DC CHARACTERISTICS OVER INDUSTRIAL OPERATING RANGES 


Parameter 
Symbol Parameter Description Test Conditions 
Vou Output HIGH Voltage INS HL OH | 24 
Yo = sim | lon = -100 HA | Ve -0.3 
0 


V 


ew 


meee 
ane 


< 


VoL Output LOW Voltage ee ee Ea 
Vcc = Min Io.=100uA | 
Guaranteed Input Logical HIGH 

Vin Input HIGH Voltage 2 
Voltage for all Inputs (Note 1) 

y ae AE Guaranteed Input Logical LOW 

u oltage 
7 i me Voltage for all Inputs (Note 1) 
In Input HIGH Leakage Current Vin = Veo: Voc = Max 
Input LOW Leakage Current Vin = 9 V, Voc = Max 


Off-State Output Leakage Vout = Yeo Yec = Max 
Current HIGH Vin = Yup OF Viz, (Note 2) 


Be ed 
ae ea 
fo mis 
, Off-State Output Leakage Vout = 9 V, Voc = Max 10 
On Current LOW Vin = Vip OF Viz, (Note 2) ; 
a ee 
a 


< 


i 
yA 


SC Output Short-Circuit Current Vout = 0.5 V, Vcc = Max (Note 3) 


Outputs Open (Ioyr = 0 mA 
Icc Supply Current utputs Open (oyr ) 
cia 


Notes: 
_ 1. These are absolute values with respect to device ground, and all overshoots due to system or tester noise are included. 


2. I/O pin leakage is the worst case of I, and Ipnzz (or Iyzz and Ipzzp. 


3. Not more than one output should be.shorted at a time, and the duration of the short-circuit should not exceed one second. 
Vout = 0.5 V bas been chosen to avoid test problems caused by tester ground degradation. 


4. This parameter is guaranteed under worst case test conditions. Refer to the Ic¢c us. Frequency graph in this datasheet for typical 
Icc characteristics. | 
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CAPACITANCE 1 


Parameter 
Symbol Parameter Description Test Condition 


ra 
Output Capacitance Vout = 2.0 V 


ap 
Note: 


1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified where 
capacitance may be affected. 


SWITCHING CHARACTERISTICS OVER INDUSTRIAL OPERATING RANGES ! 


Parameter 
Symbol Parameter Description 


tp Input or Feedback to Combinatorial Output (Note 2) a ee 


iq ewe 
fur [ crow ettsenenine 
~~. 


Synchronous Preset Recovery Time 


Clock Width 
External Feedback I/(ts + tcp) 


Maximum Frequency (Note 3) Internal Feedback (fcny) 1/(ts + top) (Note 4) 
No Feedback 1/ (typ + tw) 
Input to Output Enable Using Product Term Control 
Input to Output Disable Using Product Term Control 
Notes: 


1. See “Switching Test Circuit” for test conditions. 
2. This parameter is tested in Standby Mode. When the device is not in Standby Mode, the tpp may be slightly faster. 


3. These parameters are not 100% tested, but are evaluated at initial characterization and at any time 
the design is modified where frequency may be affected. 


4. top ts a calculated value and is not guaranteed. tcp can be found using the following equation: 
top = 1/fMax (internal feedback) - ts. 
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SWITCHING WAVEFORMS 
Input or 
Feedback VT 
{pp 
Combinatorial 
Output VT 
18956D-007 
a. Combinatorial output 
{WH 
Clock VT 
{WL 
c. Clock width 18956D-009 
Input TARW 
Asserting VV. 
Asynchronous \ qT 
Reset 
taR— 
Registered AAAA/ 
Output XXX VT 
tARR 
Clock — /\-. 
18956D-011 


e. Asynchronous reset 


Notes: 


1. Vyr=1.5 V for inputs signals and VC(/2 for outputs signals. 


2. Input pulse amplitude O V to 3.0 V. 
3. Input rise and fall times 2 ns to 5 ns typical. 


Input or 
Feedback “I 
is tH 
Clock VT 
ico 
Registered 
Output VT 


18956D-008 


b. Registered output 


Input 


Output 


18956D-010 


d. Input to output disable/enable 


Input 
Asserting V 
Synchronous i 
Preset 


Clock T 


‘co 
Registered 
Output VT 
18956D-012 


f. Synchronous preset 
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KEY TO SWITCHING WAVEFORMS 


WAVEFORM INPUTS OUTPUTS 


Must be Will be 
Steady Steady 


May Will be 
Change Changing 
from H to L from H to L 


May Will be 
Change ~ Changing 
from L to H from L to H 


Don’t Care, Changing, 
Any Change State 
Permitted Unknown 


Does Not Center 

Apply Line is High- 
Impedance 
“Off? State 


18956D-013 


SWITCHING TEST CIRCUIT 
VCC 
S4 
Ry 
Output Test Point 
Re Cy 
S2 


ont — 18956D-014 


Measured 
Specification a Value 


ZL: Gnsal ZL: Oa 1.6K Q 1.6K Q Net 
H —Z: Closed H — Z: Closed H > Z: Voy - 0.5 V 
L —Z: Closed L—Z: Open L—Z: Vo, + 0.5V 
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TYPICAL Icc CHARACTERISTICS 


Vcc — 3.3 V, TA = 25°C 
150 


140 
130 


120 


110 
100 
90 


80 
Icc (mA) 
70 


60 PALLV22V 10-7 


50 
PALLV22V10-10/15 


40 
30 
20 


10 


0 5 10 15 20 25 30 35 40 45 50 


Frequency (MHz) 
Icc vs. Frequency 18956D-015 


The selected “typical” pattern utilized 50% of the device resources. Half of the macrocells were programmed as registered, and 
the other half were programmed as combinatorial. Half of the available product terms were used for each macrocell. On any 
vector, half of the outputs were switching. 


By utilizing 50% of the device, a midpoint is defined for Inc. From this midpoint, a designer may scale the loc graphs up or down 
to estimate the loc requirements for a particular design. 
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ENDURANCE CHARACTERISTICS 


The PALLV22V10 is manufactured using Vantis’ advanced electrically-erasable (EE) CMOS process. 
This technology uses an EE cell to replace the fuse link used in bipolar parts. As a result, the device 
can be erased and reprogrammed—a feature which allows 100% testing at the factory. 


Max Storage Temperature 
Min Pattern Data Retention Time 
Max Operating Temperature 20 
Min Reprogramming Cycles Normal Programming Conditions 


ROBUSTNESS FEATURES 


The PALLV22V10 has some unique features that make it extremely robust, especially when 
operating in high speed design environments. Input clamping circuitry limits negative overshoot, 
eliminating the possibility of false clocking caused by subsequent ringing. A special noise filter 
makes the programming circuitry completely insensitive to any positive overshoot that has a pulse 
width of less than about 100 ns. 


INPUT/OUTPUT EQUIVALENT SCHEMATICS 


Vcc 


Vcc 
I 
I 
I 
l 
I 
I 
ESD | Programming — 
Protection | Pins only Programmin Positive ; 
and Dos cea pene alee volizae Overshoot ioe athe 
Clamping Detection Filter ircultry 


Typical Input 


Voc 


5-V 
Protection 


Provides ESD 
Protection and 
Clamping 


Preload Feedback 
— Circuitry Input 


Typical Output pen0eD oN 
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POWER-UP RESET 


The power-up reset feature ensures that all flip-flops will be reset to LOW after the device has been 
powered up. The output state will depend on the programmed pattern. This feature is valuable in 
simplifying state machine initialization. A timing diagram and parameter table are shown below. 

Due to the synchronous operation of the power-up reset and the wide range of ways Vcc can rise 
to its steady state, two conditions are required to ensure a valid power-up reset. These conditions 
are: 


@ The Vcc rise must be monotonic. 


@ Following reset, the clock input must not be driven from LOW to HIGH until all applicable input 
and feedback setup times are met. 


Parameter 
Symbol Parameter Description 


tg Input or Feedback Setup Time : See —— 
Clock Width LOW Characteristics 


Voc 

Power ee 
Registered 7 
Active-Low / /5 

Output 
Clock \\3 
\ A 
18956D-018 


Figure 3. Power-Up Reset Waveform 
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TYPICAL THERMAL CHARACTERISTICS 


PALLV22V 10-10 


Measured at 25°C ambient. These parameters are not tested. 


Parameter 
Symbol Parameter Description a DIP 
Bjc Thermal impedance, junction to case CW 
Oja Thermal impedance, junction to ambient ow | 


200 lfpm air | CW 
400 sina air } OW 


Thermal impedance, junction to ambient with air flow 


800 Ifpm air | ecw 


Plastic 0jc Considerations 

The data listed for plastic @jc are for reference only and are not recommended for use in calculating junction temperatures. The 
heat-flow paths in plastic-encapsulated devices are complex, making the 0jc measurement relative to a specific location on the pack- 
age surface. Tests indicate this measurement reference point is directly below the die-attach area on the bottom center of the package. 
Furthermore, @Qjc tests on packages are performed in a constant-temperature bath, keeping the package surface at a constant tem- 
perature. Therefore, the measurements can only be used in a similar environment. 
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CONNECTION DIAGRAMS 
Top View 


SKINNY DIP PLCC 


241] Vcc 
23 [] VOg 
22 {] V/Og 
21 [] VO7 
20 |] Og 
19 1] VOs 
18 1] VO, 
17 1] VO 
r] WO 
15 1] VO, 
141] VO 
131] 144 2 2 


14 15 16 


ei 
la 
Z 
.@) 


NC 
ly 

VOI 

V04[7 


18956D-002 18956D-003 


Note: 
Pin 1 is marked for orientation. 


PIN DESIGNATIONS 
CLK = Clock 

GND = Ground 

| = Input 

VO == Input/Output 
NC = No Connect 
Voc = Supply Voltage 
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ORDERING INFORMATION 


Commercial and Industrial Products 
Vantis programmable logic products for commercial and industrial applications are available with several ordering options. The 
order number (Valid Combination) is formed by a combination of these elements: 


PAL LV 22 V 10 7 J C 


FAMILY TYPE OPERATING CONDITIONS 
PAL = Programmable Array Logic C = Commercial (0°C to +75°C) 
I = Industrial (-40°C to +85°C) 
TECHNOLOGY 
LV = Low-Voltage PACKAGE TYPE 
NUMBER OF P = 24-Pin 300 mil Plastic 
ARRAY INPUTS SKINNYDIP (PD3024) 
OUTPUT TYPE J sie Plastic Leaded 
V_ = Versatile a 
NUMBER OF OUTPUTS SPEED 
-7 = 7.5 ns tpp 
Z = Zero Power -10 = 10 ns typ 


= 15 ns tpp 
-25 = 25 ns tpp 


(30 pA Ic¢c Standby) 


I 
—_ 
Nn 

| 


Valid Combinations Valid Combinations 
The Valid Combinations list configurations planned to be 


supported in volume for this device. Consult the local 
Vantis sales office to confirm availability of specific valid 


PALLV22V10-15 PC, JC, Jl combinations and to check on newly released 
combinations. 
PALLV22V10Z-25 PI, ji 
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| BEYOND PERFORMANCE 


INTRODUCTION 


The fax parameter is the maximum clock rate at which a device is guaranteed to operate. fyax 
is commonly referred to as the maximum operating frequency and can be thought of as the 
longest register-to-register time in a design. Due to the inherent flexibility of programmable logic 
devices, the maximum operating frequency calculation can vary. There are four different ways 
to calculate fyax in a design. In the discussion that follows, each one of the basic fhyax 
calculations is examined, including a general description of the fyyay design type and a detailed 
discussion of the fyyax calculation. 


Fax DESIGN TYPES 


Type 1: External Feedback Timing Path 


The first type of fax design involves a signal path between two registers that is sent through 
the I/O cell and fed back into a register inside the part (or fed into a register on another chip). 
Figure 1a represents the MACH® device specification for fy, using an external data path. The 
period of the external feedback timing path is the sum of the setup time and the global clock to 
external output time. The reciprocal of this time is fy, and is calculated as: 


| 


JF MAX(External) = too; + ee i 


where ts is the setup time, tcg; is the clock-to-feedback time for the flip flop, and tpyp is the time 
from feedback through the I/O cell. 
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Logic 


<— tco internal + tgUF 


First 
Register 


Next 


I/O Cell Register 


data_in Data_Out 
clk 
a. MACH Device fray using an external feedback timing path ANO04-001 
~ {co internal + tguF tppi xn a ts oe 
First Intermediate Combinatorial Next 
Register 1/O Cell Logic Blocks Register 


data_in Data_Out 


clk 


b. fyyax for a MACH design using an external feedback timing path AN004-002 
and n number of intermediate combinatorial logic blocks 


Figure 1. External Feedback Timing Path 


Figure 1b represents a typical design scenario involving an external feedback timing path and 
demonstrates how fyay is calculated in a design using intermediate combinatorial logic blocks. 
In Figure 1b, some intermediate combinatorial logic has been internally added between the 
registers. The addition of the intermediate logic causes the signal path to slow down by a factor 
of (tpp; X nm), where n represents the number of combinatorial logic blocks between two 
registers. In this case, a combinatorial logic block is made up of all the product terms going 
through the logic array and macrocell only once. In the Figure 1b case, the longest timing path 
is the sum of the clock-to-output time of the register, delay through the I/O buffer, combinatorial 
propagation time, and the setup time. fyyax is calculated by inverting the longest timing and 
becomes: 


| 


FT max Se ee ee 
tcoit tpur tts + (tpp; Xn) 
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In the second design, fyyax is calculated for timing paths that use internal feedback. These paths 
do not go through the output buffer, but rather, they leave the macrocell and are sent back 
directly into the input or central switch matrix. In the case of internal feedback signals, fyyax is 
calculated by using the tcc; timing parameter without tpyp. In the circuit shown in Figure 2a, 
fuax is equal to fcyy. The fen; parameter of Figure 2a is: 


Type 2: Internal Feedback Path 


1 
Lcoi t+ fs 


oe TO 
<— tco internal ere eee ts 


First Next 
Register Logic Register 


F MAX internal) a 


data_in Data_Out 


clk 
ANO04-003 
— to internal tppi xn ts om 
First Intermediate Combinatorial Next 
Register Logic Blocks Logic Register 
data_in Data_Out 
clk 
b. fax for a MACH design using an internal feedback timing path AN004-004 


and n number of intermediate combinatorial logic blocks 


Figure 2. Internal Feedback Timing Path 
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The design in Figure 2b is similar to Figure 1b in that intermediate, combinatorial logic blocks 
have been added between registers and consequently, fiyax does not equal foxy. The difference 
is that the feedback for the timing path is internal and does not include tgyp In Figure 2b, fyax 
is calculated as: 


| 


ST max SS 
tooj + ts + (tpp; Xn) 
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Type 3: Registered Data Path with No Feedback 


The third way fyyax is calculated involves circuits using no feedback data paths. Figure 3 is an 
example of a design involving one register and no feedback data path. In this case, the input 
data is presented to the flip-flop and clocked through. Under these conditions, the period is 
limited by the sum of the data setup time and the data hold time (ts + tj). This means that the 
clock period must be greater than or equal to the sum of the data setup and data hold times 
(clock period 2 ts + t;;). In this instance, the maximum clock frequency, fyax, is determined by 
the duty cycle requirements for the clock (ty, and ty }). Therefore, the slowest time that the 
data path of Figure 3 can take is the clock period, and as a result, fyyay is calculated as: 


| 


cA MAX(No Feedback) ~— hit + tw 


two + twH einem 


Combinatorial Logic Register 


data_in 


clk 


ANO004-005 
Figure 3. Registered Data Path with No Feedback 


Type 4: Input Registered Data Path with No Feedback 


The final fyax is calculated from a design using an input register. This is very similar to the 
previous type of fyyax calculation. The minimum period will again be limited by the sum of the 
clock widths, which is ty pr, + tw py. In this situation, fyax is calculated as: 


| 


f MAX(R) - 7. 
lwirt + twirH 


twirl + wirq ——-————> 


Register Combinatorial Logic 


data_in 
clk 


ANO004-006 
Figure 4. Input Registered Data Path with No Feedback 
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SWITCHING TEST CIRCUIT 


Vcec 


Output Test Point 


pogo 


Specification Measured Output Value 


35 pF 

ZL: ‘need (1.6 KQ) (1.6 KQ) 
H — Z: Open 5 oF HZ: ae 
L — Z: Closed P 


LoZ: ae + 0, 5 V 
Notes: 


1. Values in parentheses are for 3.3-V devices. 
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2. Measurements are taken at minimum Vcc with no more than 4 blocks loading and no more than 4 I/Os switching with a 
maximum Commercial junction temperature of 100 °C, or Industrial junction temperature of 115 °C. 
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Endurance Characteristics 


The MACH® families are manufactured using Vantis’ advanced electrically-erasable (EE) CMOS 
process. This technology uses an EE cell to replace the fuse link used in bipolar parts. As a result, 
the device can be erased and reprogrammed, a feature which allows 100% testing at the factory. 


Parameter Symbol Parameter Description | Value | Unit Test Conditions 
we Min Pattern Data Retention Time a ae ae Ce : Saree 


Max Reprogramming Cycles 100 | Cycles | Normal Programming Conditions 


INPUT/OUTPUT EQUIVALENT SCHEMATICS 


| Voc 


100 kQ 


Voc 


To Array Logic 


19671B-001 


Preload Feedback 
= Circuitry Input . 19671B-002 
VO 


Figure 1. Bus-Friendly™ Latch 
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. Programmin Positive ; 
ESD i Ss fas sh VeleGs : Overshoot poe 
Protection | Programming | Detection Filter pea f 
and ' Pins only 
Clamping 19671B-3 
Input 


Provides ESD 

Protection and 

Clamping Preload Feedback 
Circuitry Input 


= /O 19671B-4 


Figure 2. Pull-up Resistor 
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Power-Up Reset 
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MACH® devices have been designed with the capability to reset during system power-up. 
Following power-up, all flip-flops will be reset to LOW. The output state will depend on the logic 
polarity. This feature provides extra flexibility to the designer and is especially valuable in 
simplifying state machine initialization. A timing diagram and parameter table are shown below. 
Due to the synchronous operation of the power-up reset and the wide range of ways Vcc can rise 


to its steady state, two conditions are required to ensure a valid power-up reset. These conditions 
are: 


1. The Vec rise must be monotonic from ground. 


2. Following reset, the clock input must not be driven from LOW to HIGH until all applicable input 
and feedback setup times are met. 


Parameter Symbol Parameter Description p Max] Unit 


tpR 
ts Input or Feedback Setup Time 
See Switching Characteristics 
ty, Clock Width LOW 
PWR 


Vec 
Power VPWR 
tpr 
Registered 
output 
ts 
Clock 
tw 


Figure 1. Power-Up Reset Waveform 
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Latch-Up 
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LATCH-UP CIRCUIT 


Latch-up is caused by an SCR (Silicon Controlled Rectifier) circuit. Fabrication of CMOS 
integrated circuits with bulk silicon processing creates a parasitic SCR structure. The behavior of 
this SCR is similar in principle to a true SCR. These structures result from the multiple diffusions 
needed for the formation of complementary MOS transistors in CMOS processing. The SCR 
structure consists of a four-layer device formed by diffused PNPN regions. These four layers 
create parasitic bipolar transistors illustrated in Figure 1. 


Vec 
R NWELL 
M1 
M2 
R psu 
GND 
Figure 1. Parasitic Bipolar Transistors 14105C-001 


Figure 2 shows a typical CMOS inverter layout with the schematic of the parasitic bipolar SCR 
structure. Figure 3 is a cross-sectional representation of the CMOS inverter, again with the 
schematic of the bipolar SCR structure. 


Any CMOS diffusion can become part of the parasitic SCR structure, since all of these parts are 
interconnected through the bulk silicon substrate resistance. Other parasitic resistors shown 
result from doped regions of the semiconductor. The magnitude to which the resistors resist 
current flow depends upon geometric size and doping level. 


As illustrated in Figure 1, the complementary PNP and NPN transistors are cross-coupled, having 
common base-collector regions. The vertical PNP device, M1, has its base composed of the N- 
well diffusion, while the emitter and collector are formed from P-type source-drain and substrate 
regions, respectively. The lateral bipolar transistor, M2, base is the P substrate with emitter and 
collector junctions formed from N-type source-drain and N-well diffusions, respectively. 
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ACTIVE DIFFUSION — P TYPE 
ff ACTIVE DIFFUSION—N TYPE — 
.  N-WELL 

[[] POLYSILICON GATE 

(] METAL INTERCONNECT 

Hi CONTACT 


: 14105C-002 
Figure 2. Typical CMOS Inverter Layout 
Vss Voc 
wy we [ere 
Rpsus PSUB 14105C-003 


Figure 3. Cross Section of CMOS Inverter 
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Latch-Up Conditions 


Under normal bias conditions, the SCR conducts only leakage current, and the SCR structure is 
in the blocking state. However, as current flows across any of the parasitic resistors, a voltage 
drop is developed, turning on the parasitic bipolar base-emitter junction. The forward bias 
condition of this junction allows collector current to flow in the bipolar transistor. This collector 
current flows across the base-emitter resistor of the complementary bipolar transistor, creating a 
voltage sufficient to turn on the transistor. 


A regenerative loop is now created between the complementary bipolar transistors such that 
current conduction becomes self-sustaining. Even after removal of the stimulus that triggered this 
action, the current conduction can continue. This region of operation is a high-current, low- 
resistance condition characteristic of a four-layer PNPN structure. This is referred to as latch-up. 
Once initiated, the excessive latch-up current can permanently damage an integrated circuit by 
fusing metal lines or destroying junctions. 


CAUSES OF LATCH-UP 


Latch-up may be initiated in numerous ways. Only the critical causes frequently encountered in 
a system environment will be discussed. These include power-up, supply overvoltage, and 
overshoot/undershoot at device pins. 


Power-Up 


Caution must be exercised when powering up most CMOS ICs to avoid driving device pins 
before the supply voltage has been applied to the circuit. Placing a device or board in a “hot 
socket” will create this situation. When subjected to hot-socket insertion, voltage conditions at 
the device pins are uncertain such that the input diodes may be forward biased. Forward biasing 
the input diodes with a delayed or uncontrolled application of Vec could cause the device to 
latch up. Some of Vantis’ CMOS circuits have substantial immunity to hot socket power-up, but 
since this condition is uncertain and difficult to characterize, test, and guarantee, it should be 
avoided. Vantis’ MACH®4 and MACH 5 devices have been designed to be hot socketable and 
will not latch up. 


Supply Overvoltage 


Supply levels exceeding the absolute maximum rating can cause a CMOS circuit to latch up. 
Elevated supply voltage may cause internal junctions to break down, producing substrate current 
capable of triggering latch-up. Latch-up is one of the reasons overvoltage should be avoided; 
other undesirable effects may result from this. 


Overshoot/Undershoot 


Generally, the I/O pins experience the noisiest electrical environment. Fast switching signals 
with a large capacitive load may overshoot, creating a transient forward bias condition at the 
I/O junction. These junction diodes are illustrated in Figures 4 and 5. Typically, this is where 
latch-up is most likely to be induced. Proper design of the input and output buffers is essential 
to minimize the risk of latch-up due to overshoot. 
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Vec 


/\. P4 NWELL DIODE 


Vss PSUB 
14105C-004 
Figure 4. Junction Diode 
INPUT 
PROTECTION 
RESISTOR 
TO INPUT 

GATE 

Ny PSUB J/\. N+ PSUB DIODE 
ad 14105C-005 


Figure 5. Junction Diode 


TESTING FOR LATCH-UP 


Vantis characterizes the latch-up sensitivity of its devices before they are released to the market. 
Testing is done in such a way as to completely cover every possible latch-up condition, including 
Vcc Overvoltage, pin overcurrent, and pin overvoltage. 


Vcc Overvoltage Test 


The Vcc overvoltage test is applied to all power (Vc) pins. The test is performed at the highest 
guaranteed operating temperature of the device. All inputs and I/Os acting as inputs are tied to 
ground or Vcc depending on the device logic, and outputs and I/Os acting as outputs are 
floating (open). 


Vcc max is applied to the Vcc pin. A positive high voltage pulse is then applied to the Vcc pin 
and returned to Vcc max. The occurrence of latch-up is detected if the voltage across the device 


is less than Vcc max, and the current through the device is greater than the normal DC operating 
current. 
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The pin overcurrent test is performed on every output, I/O pin, and non-current-limited input 
pin. Non-current-limited inputs are inputs which present a diode-like (or otherwise “infinite”) 
current characteristic for input voltages in the range (GND — Vcccrypy) < Vin < © X Veccrypy). 


Pin Overcurrent Test 


The pin overcurrent test is performed at the highest guaranteed operating temperature of the 
device. Input pins and I/O pins acting as inputs (which are not under test) are tied to ground 
or Vcc depending on the device logic, and outputs and I/Os acting as outputs should be floating 
(open). Vcc max is applied to the V¢c pin. 


One pin is tested at a time. A three-state output under test should be disabled. A non-three-state 
output type under test should be a logic High when applying a positive current and a logic Low 
when applying a negative current. An I/O pin should be placed into the input mode. 


A high current pulse is then applied to the pin under test. The magnitude of the pulse is stepped 
until latch-up is induced. Both positive and negative currents are tested. Latch-up is observed as 
described previously. The sensitivity of the device is the worst case sensitivity found on any pin 
of the device. 


Pin Overvoltage Test 


The pin overvoltage test is performed on current-limited inputs. Current-limited inputs are inputs 
which present a resistor-like (or otherwise “limited”) current characteristic for input voltages in 
the range (GND — Veccrypy) < Vin < (2 X Veccrypy- 


The pin overvoltage test is performed at the highest guaranteed operating temperature of the 
device. Input pins and I/O pins acting as inputs (which are not under test) are tied to ground 
or Vcc depending on the device logic, and outputs and I/Os acting as outputs are floating 
(open). Vcc max is applied to the V¢c pin. 


One pin is tested at a time. Both positive and negative voltage pulses are applied to the pin 
under test. Latch-up is observed as described previously. The sensitivity of the device is the 
worst-case sensitivity found on any pin of the device. 
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INTRODUCTION 


The development of fast PLDs has increased the importance of analog considerations the digital 
designer has been able to overlook in the past. One of these is ground bounce. Ground bounce 
refers to the ringing on an output signal when one or more outputs on the same device are being 
switched from HIGH to LOW. This ringing can be in excess of 3 V. The system cannot consider 
the data valid until the ringing settles to below the Vj, of the receiving devices. The ringing in 
a fast device can last so long that a slower device with less ground bounce could actually be a 
faster solution. 


The phenomenon of ground bounce is associated with the inductance and resistance of the 
ground connection in the integrated circuit. As there is always some inductance and resistance, 
ground bounce cannot be totally eliminated; however, it can be reduced to a level tolerable to 
the system. 


This article will discuss the mechanism of ground bounce in CMOS circuitry and the utilization 
of slew-rate control used by Vantis to minimize ground bounce to reasonable limits. 


MECHANISM 


Figure 1 shows a schematic of an output driver and load including parasitic elements. The load 
capacitor is charged to the HIGH-level voltage. When the transistor turns on, the capacitor 
discharges into the transistor and lead impedance. The resultant RLC circuit will have a damped 
ringing (Figure 2). The peak amplitude depends on the edge rate of the switch and the RLC 


values, while the frequency of the ringing and the rate of decay depend only on the RLC values. 
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Figure 1. Simplified Schematic of an Output Driver 
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Figure 2. Ground Bounce 
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The ringing caused by a single output switching is normally below the LOW-threshold voltage. 
However, the voltage at the ground pad of the device is proportional to the number of outputs 
switching simultaneously. In addition, the voltage at the ground pad is coupled to any LOW 
output through its output transistor. Therefore, if enough outputs switch, ringing on the ground 
pad will be coupled to LOW outputs, causing the detection of false HIGHs. 


Most PLDs used today have relatively low output drive current: 16 mA or 24 mA. It is tempting 
to think that the low current level will somehow limit the switching energy and therefore ground 
bounce. Actually, even a low-power transistor can pass a relatively large current. The transistor 
I-V curve in Figure 3a shows that a MOS transistor designed for 16 mA at 0.5 V will pass 90 mA 
at 3.0 V. Figure 3b shows the V/I path when the output transistor switches between HIGH and 
LOW. Notice that the transistor switches from 3.5 V at 0 mA to 3.0 V at 90 mA. If eight outputs 
were to switch simultaneously, 90 mA x 8, or 720 mA, would flow through the ground lead. 


90 90 


Ip (MA) Ip (mA) 
16 16 
0.5 3.0 5.0 0.5 3.0 5.0 
Vos (Volts) Vos (Volts) 
13090C-003 13090C-004 
a. The DC curve of an b. The path followed as the 
output driver transistor transistor switches between the 


HIGH and LOW levels 
Figure 3. I-V Curves 


This sudden current surge is actually self-limiting. As the ground-pad voltage rises due to the 
high current change, the internal Vps and the available gate bias voltage are reduced, lowering 
the drive current. However, the ringing can still exceed 3 V. 


CONTROLLED EDGE RATE 


The parameters that influence ground bounce are the inductances and resistances of the device, 
the capacitance of the load, and the edge rate. Of these, the only one that the chip manufacturer 
can directly control is the edge rate. 


Turning on the output-driver transistor is equivalent to switching the charged load capacitor to 
ground. This can be represented by a step-voltage source in series with the capacitor 

(Figure 4a). Slowing down the rate that the output transistor can turn on changes the voltage 
source from a step to a ramp (Figure 4b). With a shallower slope, less energy is available for 
ringing, and the ground bounce amplitude is reduced. 
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a. Equivalent circuit of an output driver b. Output driver circuit with slew-rate limiting 
transistor with a capacitive load 


Figure 4. Schematic Circuitry 


A SPICE simulation (Figure 5) illustrates the effect. The device without risetime control will have 
a very high charging current with a large di/dt: 2.1 x 10’ A/s. Risetime control reduces the di/dt 
about 25%. This will result in a corresponding reduction in the voltage that can develop across 
the ground inductance. 


Vantis has a proprietary technique that slows the edge rate of the output transistor, thereby 
reducing the amplitude of the ringing. Slowing down the fall time will add approximately one 
nanosecond to the output delay, but the system speed will still be greatly increased. On a 
high-capacitance load, a non-edge-rate-controlled device could ring for more than 25 ns.-The 
additional delay required to allow for the ringing would be intolerable. 
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There are some things that the system designer can do to reduce the ground bounce to a 
tolerable level. 


SYSTEM GROUND BOUNCE SOLUTIONS 


1. Use Vantis MACH® devices that incorporate edge rate control. This is the first line of defense 
against ground bounce-related problems, and the most effective. 


2. Use shorter lead packages. The bonding wires in a PLCC are 1/4 the length of the ground bond- 
ing wire in a DIP. The inductance is reduced proportionally. Any reduction in inductance will 
reduce the amplitude of the ringing. 


3. Reduce capacitive loading. Capacitive loading in any system should be reduced as much as pos- 
sible. This may involve consideration of the transmission line characteristics of the layout. 


4. Limit the number of outputs switching simultaneously. If the load naturally has 
high-capacitance, such as a bus or memory board would, ground bounce can be reduced by 
limiting the number of outputs that can switch simultaneously in a single device. Many system 
designers consider 4 to be an acceptable upper limit. 
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INTRODUCTION 


A significant number of digital systems must deal with inputs not synchronized to their own 
internal clocks. These asynchronous signals can arise from any of the various asynchronous 
protocols which are often used in bus designs; they can be the result of trying to share signals 
from systems with different clocks; or they may be the response of a system user, who is of 
course not synchronized with the system. The result can be metastability, a problem which can 
plague unwary designers. It is not a newly discovered phenomenon, but is normally dealt with 
somewhat qualitatively, and, unfortunately, is usually ignored as much as possible. 


CAUSES OF METASTABILITY 


The flip-flop setup time is the parameter that is most often at the root of metastability. The setup 
time is a requirement that data be made available at the input to the flip-flop before the clock 
signal arrives. The data must not only be there, but must also be stable. 


In a PLD, the use of an array for the data adds to the setup time. The data passes through the 
array on its way to the flip-flop (Figure 1). The clock signal, on the other hand, goes directly 
from the clock pin to the flip-flop. Its path is much shorter than the data path. The setup time 
is a requirement that the data signal must be given more time to get to the flip-flop before the 
clock signal. 


If the published setup time is satisfied, the data arrives at the flip-flop well before the clock, and 
the output to the flip-flop will change as desired (Figure 2). If the setup time is violated, then 
no guarantee can be made about what the output will do. The output could be normal, since 
the published setup time is a worst-case number. However, if the timing between the clock and 
data is just right, the output will be unstable for some time before it settles into some state. 
Neither the time the output remains unstable nor the final state is predictable (Figure 3). This 
condition is metastability. 
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Figure 1. The Clock and Data Paths in a PLD 
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Figure 2. Output Response When the Setup Time Is Satisfied 


Data 


Clock 


Outputs 


n RA 14104D-003 


Figure 3. Possible Output Response When the Setup Time Is Violated 


SOLUTIONS FOR METASTABILITY 


The most common way of dealing with this problem is to synchronize the inputs with an extra 
flip-flop (Figure 4). If the first flip-flop goes metastable, hopefully the delay between clock 
pulses will allow the ringing to die down before clocking into the next flip-flop. This improves 
the chances of having good data in the second flip-flop. 
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Extra Flip-Flop for Synchronization 


14104D-004 
Figure 4. Dual Synchronizer 


This method is not without its costs. Each extra stage of flip-flop means an extra clock delay of 
the data which must be absorbed by the system. Moreover, it is not foolproof. The possibility of 
metastability is reduced, but not eliminated. A flip-flop can go metastable if the preceding stage 
does not recover quickly enough. | 


The best way to avoid metastability is to avoid synchronization when possible. Many 
applications, such as bus arbitration schemes, use synchronization not because synchronization 
itself is necessary, but because it provides the only convenient way to store data. This 
unfortunately takes a system that is inherently asynchronous and adds some synchronizing 
elements in the middle. 


SUMMARY 


Metastability can occur in a number of different kinds of asynchronous systems, usually due to 
the inability to guarantee that the setup time of the flip-flops will be satisfied. In standard 
synchronous systems where the setup time (along with all other timing requirements) is 
specifically designed in, metastability will never be a problem. 


In some situations, metastability is caused by the need to interface systems with different clocks. 
In this case, it will never be possible to completely eliminate the possibility of metastability. 
Instead, the designer must take steps to reduce the probability of a system failure due to 
metastability. | 


CG) 
m 
=) 
m 
= 
= 
=] 
sy 
2) 
— 
=| 
et 
se 
2) 
= 


Metastability 411 


412 Metastability 


Inside Vantis’ EE CMOS PLD Technology 


| BEYOND PERFORMANCE 


TECHNOLOGY DESCRIPTION 


The EE CMOS technology used by Vantis in programmable logic is a single-poly, double- or 
triple-metal process. It has been optimized for high-speed programmable logic devices, which 
do not have the same density constraints of memory devices. The basic characteristics of the EE 
process are: 


CMOS 

Grounded substrate 

Single-poly, dual metal or single-poly, triple metal 

Five generations in production: EE4, EE5, EE6.5, EE7, EE8 

1.3 um, 0.9 um, 0.7 um, 0.45 um, or 0.35 Um minimum feature 
0.85 um, 0.65 um, 0.5 wm, 0.35 um, or 0.25 um gatelength (Lege) 
150 A or 80 A gate oxide thickness 


90 A tunnel oxide thickness 


oe? ¢ © OOO OM 


CMOS PLDs use standard CMOS logic internally, with the addition of a programmable array. The 
output buffers of most devices are designed to be compatible with TTL circuits, and therefore 
have n-channel enhancement pull-up transistors. 


Vantis’ EE CMOS process for programmable logic is simplified by the absence of standard 
depletion-mode transistors in the more advanced processes. Depletion mode transistors are a 
vestige of NMOS design, and are not really needed. This results in the elimination of a mask and 
implant step, reducing the process cost and simplifying the structure. 
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Transistor Cross-Section 


Figure 1 shows a cross-section of a basic inverter. This is a very straightforward structure. The 
gates consist of poly-silicon; the other connections are made with metal. 


Out In 


p-substrate 


16507C-001 
Figure 1. CMOS Inverter Cross-Section 


Erasable Technology 


Any erasable CMOS technology is based upon the concept of stored charge. The charge.is stored 
on a transistor with a floating gate—that is, a gate that has no connection. The transistor actually 
has two gates: one that floats, and one that acts as a control gate. The control gate is used to 
establish the field across the floating gate (see Figure 2). 


Control Gate Ce 


Floating Gate io 


16507C-002 
Figure 2. Floating-Gate MOS Transistor 


In the programmed state, there is a net deficit of electrons in the floating gate. The resulting 
positive charge turns the transistor ON. In the erased state, there are enough electrons on the 
control gate so that the negative charge turns the transistor OFF. 


There are two basic ways of transferring the charge onto the floating gate: a) hot electron 
injection, and b) tunneling. Electrically erasable devices rely on tunneling. 
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Electrically-erasable devices use Fowler-Nordheim tunneling as the mechanism for getting 
charge onto the floating gate. This is defined roughly as tunneling that occurs as a result of a 
field placed across the barrier that the electrons tunnel through. 


Electrically-Erasable Technology 


Some amount of direct tunneling, or tunneling that occurs without an applied field, is always 
possible through any energy barrier. It may be extremely small or significant, depending on the 
width of the barrier. Since tunneling electrons are going through the barrier instead of over it, 
the height of the barrier does not affect the amount of tunneling. 


For an electrically-erasable cell, the tunnel oxide is about one third the thickness of the oxide 
of a UV-erasable part; therefore, tunneling occurs at relatively low fields. Even so, the field used 
to cause tunneling is about five times the field used to cause hot-electron injection for UV parts. 
Note that tunneling is theoretically possible on a UV part using a very high held, and the normal 
electron injection would swamp out any tunneling that would occur. 


Fowler-Nordheim tunneling involves placing a potential across the barrier which distorts the 
band diagram as shown in Figure 3. The “angle” caused by the applied potential effectively thins 
part of the already-thin barrier, making tunneling easier. It is this tunneling under bias that is 
used to program electrically-erasable devices. Note that by reversing the bias, the tunneling can 
occur just as well in the opposite direction. This is what makes electrical erasure possible. 


Electrical erasure has advantages over UV erasure both in cost and quality. Because the erasure 
is electrical, no expensive window is required in the package. This makes erasability 
cost-effective even in high-volume production quantities. In addition, the fast erasure allows 
Vantis to reprogram the device many times, allowing many more paths to be tested than can be 
tested in a UV part. This provides much higher quality, especially in higher-density devices. 
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Figure 3. Energy Band Diagrams 


Cell Configuration and Programming 


The programming cell is shown in Figure 4. To improve device speed, the programming cell has 
been divided into the programming portion and the data path portion. In addition to speed, 
there are a number of other benefits to this approach. At the most basic level, this eliminates a 
poly-silicon layer, simplifying the process. This reduces costs and improves reliability 
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Figure 4. EE PLD Programming Cell 


The programming half requires long-channel transistors capable of sustaining high electrical 
fields; the data path requires short-channel transistors that are fast. Note that this does take more 
space, but in PLDs, the size of the cell is not a limiting factor as it is in memories. In a PLD, the 
programming array can take up as little as 10% of the die area, while a memory typically uses 
more than 90% of the die area for the programming array. 


Programming and erasure are complementary procedures in EE technology. However, the sense 
of programming and the sense of erasing are perhaps opposite to what one might assume. A 
cell is considered to be programmed if there is a charge deficit on the floating gate, providing a 
positive voltage; it is erased if there is excess charge on the floating gate, generating a negative 
voltage. This means that programming a device only requires turning ON those cells that are 
needed, rather than turning OFF all of the cells that are not needed. 


A cell fresh from wafer fabrication has no net positive or negative charge on the gate. To balance 
the threshold of the transistor for reliable turn-on and turn-off, a cell implant is used to center 
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the threshold voltage near 0 V. Programming and erasing involve either removing electrons from 
the conduction bands of the poly-silicon gate or adding excess electrons, providing a net charge 
that will move the gate voltage solidly to one side or the other of the threshold voltage. 


When programming or erasing the device, a voltage is applied between the program and control 
gate nodes. The direction of the voltage determines whether the cell is erased or programmed. 


When erasing, the control gate is given a positive voltage, and the program node is grounded. 
This attracts electrons from the program transistor across the tunnel oxide to the floating gate, 
turning the read transistor OFF (see Figure 5a). 


When programming the cell, the program node voltage is elevated, and the control gate is 
grounded, reversing the electron flow, as indicated in Figure 5b. Enough electrons flow off the 
floating gate to leave a net positive charge; this turns the transistor ON. 


a. Charging 


16507C-008 


b. Discharging 


16507C-009 
Figure 5. Cell Biasing 
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Vantis has modified the programming cell to increase programming efficiency and has a number 
of patents on the resulting circuit. On traditional devices, the source node is grounded during 
programming. On Vantis’ devices, the source node is raised to the same potential as the control 
gate, as shown in Figure 6. This increases the coupling ratio of the cell. The coupling ratio is 
the percentage of the applied field that appears across the tunnel oxide. When the source is 
grounded, the field across the tunnel oxide is reduced (since there is another capacitor in parallel 
with the tunnel oxide). By raising the source voltage, more of the field is available for 
programming. The coupling ratio can therefore be thought of as a measure of the programming 
efficiency; since the efficiency is higher, lower voltages are required for programming. 


16507C-010 
Figure 6. Source is at Same Potential as Control Gate to Improve Coupling Ratio 


The split-cell configuration also allows a simpler programming algorithm, since the programmer 
can take advantage of the self-limiting nature of programming and erasure. The split cell places 
the read cell gate and the floating cell gate in “parallel” with each other. Therefore, the floating 
cell can be either completely charged (with a net excess of electrons) or completely discharged 
(with a net deficit of electrons, or an excess of holes), as shown in the energy diagrams in 
Figure 7. This is simple to do, since the electrons that have crossed the barrier set up a field that 
opposes further tunneling. As more electrons cross the barrier, the opposing field grows strong 
enough to block more electrons from tunneling (Figure 8). Regardless of the state of the floating 
cell, the select line will turn on or off the read transistor; the cell will only be read, however, if 
both the read transistor and the floating transistor are ON. 
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Figure 7. Stable EE Cell 
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Figure 8. Self-Limiting Programming and Erasure 


In standard one-transistor cells, the two gates are actually in “series”. If the floating gate is 
charged, then the transistor is OFF, regardless of the state of the select line. In order to read the 
cell, the floating gate has to be neutralized so that the select line controls the transistor (Figure 
9). If the floating gate were completely discharged, then the transistor would be ON regardless 
of the state of the select line. The programming algorithm is therefore more complicated, since 
the amount of charge removed must be monitored to ensure that just enough charge is removed 
to neutralize the floating gate. 
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Figure 9. UV Cell 


Array Configuration 


The discussion above focused on individual cells. These cells must be joined together to form a 
complete array that is driven by input lines and drives product terms. 


There are two configurations used in Vantis’ EE CMOS devices (see Figure 10). The configuration 
in Figure 10b provides some benefit to device speed because the parasitic capacitor does not 
couple the input line and the product term, but both approaches are actively used in designs. 
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Figure 10. Two Array Configurations 


PROGRAM INTEGRITY 


Reliable programming of PLDs requires the use of well-calibrated, quality programming 
equipment. To ensure that the device is correctly programmed, the correct voltages and times 
must be applied. 


As discussed above, it is impossible to over-charge or over-discharge the programming cell since 
the mechanism is self-limiting. This provides more leeway and makes the programming 
algorithms less sensitive to programmer variations. This ultimately provides higher, more 
consistent programming yields under real-life production programming conditions. 


However, if the cell is under-programmed or under-erased, an insufficient amount of charge 
might transfer onto or off of the floating gate. When programming, this might not turn the read 
cell ON sufficiently, potentially slowing down the device. In the case of erasure, the read cell 
might be partially ON if it is not completely erased. This may cause “disconnected” inputs to 
appear partially connected. Thus, it is important to ensure that the programming pulsewidths are 
long enough to provide adequate programming. 


If the programming voltages are slightly inaccurate, CMOS devices often can still be programmed 
correctly. However, excessive voltage might cause device damage if breakdown voltages are 
exceeded. Extremely low voltages might fail to engage the programming circuitry completely. 


Because of the need for accurate programming, and for ensuring that the programming 
algorithms are up-to-date, we certify programmers that meet strict criteria for all products. 
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Data Retention 


In an electrically-erasable device, the floating cell is programmed by forcing electrons to tunnel 
through the tunnel oxide into the floating gate. Ideally, these trapped electrons mean that the 
device remains programmed indefinitely. Actually, the charge cannot remain indefinitely, but its 
lifetime is normally extremely long. The stability of the program charge is called data retention, 
the ability of the device to retain its charge as programmed. 


There are two basic leakage mechanisms: direct tunneling and thermal leakage. These 
mechanisms occur independent of whether the cell was programmed by electron injection or 
tunneling. The amount of direct tunneling is a function of the potential across the tunnel oxide, 
and is generally very low. Leakage is normally dominated by thermal charge decay. 


On one side of the energy barrier, there are electrons with a distribution of energies (see 
Figure 11). Some have enough energy to escape over the top of the barrier. As the temperature 
is raised, more electrons achieve the energy required to overcome the barrier. 
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Figure 11. Data Loss Mechanisms 
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The tendency of the gate to leak can be modeled as an Arrhenius function, which means the 
formula for the programming “decay time” ty has the form: 


E,/kT 
oe = Ke 


where 


E, is the intrinsic activation energy 
T is the temperature in Kelvin 

k is Boltzmann’s constant 

K is a scaling constant. 


If we can measure the rate at two known temperatures, then: 


E./kT 
Can = Keo 


tao Keone * 


Note that the constant K drops out, so we need not be concerned with its specific value. From 
this we find that: 


=~ KET 


This lets us measure E,, which should be constant for a given process. The higher the value of 
E,, the longer the decay time will be. This is because E, roughly represents an energy “barrier” 
that must be overcome for an electron to leak away. The higher the barrier, the fewer electrons 
have the energy to overcome E,. 


Charge leakage can be aggravated by poor quality tunnel oxide. Defects in the oxide provide a 
lower energy path for discharging, effectively lowering E,. Baking a device accelerates this 
leakage and identifies devices with weak oxide. Vantis uses a bake for all EE products to ensure 
that the production devices have a high E, and therefore good data retention. The average E, 
for all devices, including those with weak oxide, is about 0.8 eV. After eliminating the weak 
devices by a 250°C 24-hr bake, the average E, is about 1.8 eV. 


Data retention time depends on the temperature to which the devices are exposed. The higher 
the temperature, the shorter the decay time because the electrons have more energy, and more 
can leak off the gate. 


There are two temperatures that may be of concern for different reasons: the maximum device 
storage temperature (150°C) and the maximum operating temperature (125°C for military). In 
the first case, the idea is to know that if a programmed part sits on a shelf for some period of 
time before being used, the program will remain intact for that time. The second case is intended 
to give an idea of how long a device will remain operational in-system. 
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Using the equation above to solve for the decay time at these temperatures, the result is several 
decades for the storage temperature, and even longer for the operating temperature. For room 
temperature, the exponential nature of the function makes the decay time increase to centuries. 


Vantis specifies 10 years at the maximum storage temperature (an industry standard for EPROMs 
and EEPROMs), and 20 years in-system under worst-case military conditions. That the calculated 
numbers are so much higher builds confidence in the numbers specified. In general, the typical 
end-of-life failure mechanisms that affect all devices (and which are unrelated to the EE cells) 

will cause device wear-out before the program data is lost. 


The integrity of the charge in the electrically-erasable cell also stands up to any electrical fields 

that exist in surrounding equipment. For charge to be transferred off of, or onto, the floating 

gate, a field must be placed across the oxide. Such a field cannot be generated outside the 

programming mode; an external field, no matter how strong, cannot set up the programming 
mode. 


The charge might also be pulled through some other oxide if the field were large enough. 
However, to remove the charge through anything but the tunnel oxide requires an external field 
so high that the rest of the device would break down before any cell charge were ever lost. This 
would occur on any device, programmable or not. Therefore, any external field strong enough 
to remove charge from a floating cell will destroy the rest of the device first. 


CELL ENDURANCE 


Another factor that affects long-term data retention is the cell endurance. The endurance is the 
number of times the device can been erased and reprogrammed. Over time, the oxide can wear 
out, resulting in a gradual reduction in E,. This occurs as defects are created in the oxide. These 
defects trap electrons, which then oppose the field that is required for programming. Given 
enough trapped charges, the established potentials will be insufficient for programming. This 
typically happens after hundreds of thousands of reprogramming cycles. 


The ability to charge up a cell with good data retention can be measured by the margin voltage. 
This is the voltage that must be applied to the control gate to counteract the charge on the 
floating gate. If the gate is highly charged, a larger margin voltage is needed to overcome the 
charge. Thus, put simplistically, a higher margin voltage indicates better cell charging. 


Figure 12 illustrates measurements of the margin voltage as the number of program/erase cycles 
is increased. By 100,000 cycles, the margin voltage still is greater than 4 V; for the cell to fail, the 
margin voltage must fall to below about 1 V. 
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16507C-020 
Figure 12. Cell Endurance: Margin Voltage Solid After 100,000 Program/Erase Cycles 


For EEPROMs, which often are reprogrammed in-system, it is important to know how many 
thousands of times the device can be reprogrammed. However, most EE PLDs are not intended 
to be programmed in-system, and probably are programmed very few times. Most production 
units are programmed only once by the user. Prototypes might be programmed tens of times at 
most. Therefore we specify a maximum number of 100 erase/reprogram cycles. 


This does not imply that the devices are weaker than EEPROMs; it is just that more extensive 
testing would have to be done to justify specifying a larger number. Since this larger number is 
not needed, a cost savings is realized because of the test simplification. Note that the devices 
are actually programmed hundreds of times in testing before they are shipped out, giving 
outstanding programming and functional yields; however, the number of erase/reprogram cycles 
specified refers only to programming done by the user. 


DEVICE CHARACTERISTICS 
Power Dissipation 


CMOS technology is associated with low power consumption, and indeed, all CMOS PLDs use 
lower power than their bipolar counterparts. However, most PLDs do not provide the 
zero-standby power that standard CMOS logic parts do. 
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The basic CMOS inverter lowers operating power because at any given time, only one of the 
two transistors can be fully ON. The other is OFF and blocks the flow of DC current. Thus, when 
the device is in a stable state, no current can flow. While the device is switching, both transistors 
are partially ON, allowing for a transient current spike. This means that power is consumed only 
when the device switches. Because a spike occurs for each transition, the average power 
consumption is affected by the frequency of operation (see Figure 13). 
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Figure 13. CMOS Inverter Power Dissipation 


This type of circuitry is found throughout most of a PLD circuit. However, one portion of the 
PLD circuit does not use a standard CMOS inverter: the programmable array. One of the 
necessary elements of zero-power operation is that the output of the inverter have a voltage 
swing from ground to V¢c, so-called rail-to-rail operation. In the array, such a wide swing 
makes the propagation delays too long. To speed up the device, the sense amps that determine 
the state of a product term are designed to have a much more limited swing. This means the 
sense amps are constantly drawing power, even when not: switching. These are the half- and 
quarter-power CMOS PLDs; their power consumption is still less than that of a bipolar PLD. Since 
most CMOS PLDs are used in TTL sockets, the CMOS PLDs work well. 


Icc vs V,, and Loading 
The greatest external contributors to I¢c are the input HIGH level (Vj) and the output load. 


As the Vy; drops from its ideal level of Vcc, the inverter starts to draw current. The worst case 
scenario would be a Vy; at the minimum of 2.0 V, which could contribute some 5 mA per input 
buffer to the power consumption. 


The output load can also have a dramatic effect on power dissipation, especially on devices that 
have many I/O pins. For an output driving a purely capacitive load, the power dissipation 
contributed by the load for one output is determined by the load capacitance, the frequency at 
which the output is switching, and the output voltage swing (Vs). The output stage will go 
through a process of repeatedly charging and discharging the capacitor. Although the direction 
of charge flow reverses itself every other transition, the relative voltage change does too, so that 
the power contribution is the same for a charge and a discharge. 
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If we consider the case of charging the capacitor, we will be placing a charge, Q,, on the 
capacitor that is determined by: 


QO, = CrVo 


where C; is the load capacitance and Vo is the output voltage. The current contribution from 
this is: 


In one half the output transition period tp, the change in output voltage will be equal to the 
output swing Vs. This means that: 


V 
= 2c,— 
Cp 


2 OG. V st. 


where fo is the frequency at which the output is switching. 


The power dissipation is the product of the current and the voltage. Since the voltage is changing 
during the time that the power is being dissipated, we can approximate by dividing the voltage 
swing by 2. This gives: 


Peaa¥7 


Vs 
2CVsf o> 


20 


This means that for a 100-output device (PLD or any other device) with each output driving 35 
pF loads, where the output swing is 3 V and the output frequency is 50 MHz, the power 
dissipation contributed only by the load will be about 1.6 W regardless of the power dissipation 
of the chip itself. 


Icc vs Frequency 


The operating current increases with frequency for standard CMOS devices. The difference is the 
current at low frequencies. A standard device typically can draw 35 mA at 0 MHz. Figure 14 
shows a typical curve for standard devices. 
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16507C-024 
Figure 14. Icc vs Frequency, Standard Device 


Icc vs Number of Product-Terms 


The number of product terms switching can sometimes affect Icc. On standard devices, however, 
the design of the particular sense amp determines whether the Ic¢c will increase or decrease with 
more product terms. Therefore, it cannot generally be predicted. From a practical standpoint, 
the change in I¢c due to different numbers of product terms is negligible. 


Icc vs Temperature 


The amount of current drawn by a device depends on how much current can pass through the 
transistors. Simplistically speaking, the channel of a transistor can be modeled as a resistor. The 
resistance is affected by temperature since this affects the mobility of electrons. Electrons are 
less mobile in a hot device. The hotter the device, the more the molecules will vibrate and the 
harder it is for electrons to pass through without a collision with a molecule. This means that 
the resistance of the channel is higher, which in turn means that the device conducts less current. 
Therefore, Icc is greatest when the device is cold, and is minimized when the device is hot. A 
typical curve is shown in Figure 15. This curve has been generalized by normalizing the current 
to the room temperature current. 
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Figure 15. Ic¢c vs Temperature, Normalized to Room Temperature 
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/ CC VS Vcc 


The variation of I¢gc with changes in Vcc should come as no surprise; as Vcc increases, so does 
Icc. This means that the power consumption actually increases roughly as the square of V¢c, 
since power consumption can be expressed as: 

BS Veet ee 


where Reg is defined as Voc/Icc. This is a simplification, of course, since Reg is non-linear, and 
varies with Vcec. A typical I¢c vs Vec curve is shown in Figure 16. 
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Figure 16. Icc vS Vcc 
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Input/Output Structures 


The basic input and input/output structures are shown in Figure 17. The ESD circuits and the 
programming voltage detection circuits will be discussed in more detail later. 


Newer devices have pull-up resistors as shown below. In these devices, there is also a transistor 
in series with the resistor, which reduces die size and improves testability of the I/O circuit. 
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Figure 17. Equivalent Input/Output Schematics 
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Figure 18 shows a typical I-V curve for an input buffer. Within the range of normal input signals, 
the input buffer has extremely high impedance, with diodes and MOS transistors that turn on 

when the input is below ground. On higher speed devices, this has the effect of a high-speed 
diode capable of clamping negative overshoot on noisy signals. 


I-V Curves 


Since the input is effectively a capacitor, the impedance has no real component; the imaginary 
portion falls with increasing frequency. A typical device has an input capacitance of 8 pF at 

1 MHz. Assuming a capacitance around 8 pF at higher frequencies, this yields a capacitive 
reactance of 2.5 KQ at 50 MHz. 
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16507C-029 
Figure 18. I-V Curve for an Input with No Pull-Up Resistor 
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Figure 19 shows typical I-V curves for high and low TTL-style outputs. The impedance of a low 
output is about 10 Q; a high output has an impedance of about 30 Q. The fact that the 
impedances are somewhat more symmetric than those found on a bipolar device makes it easier 


to terminate long traces accurately. 
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Figure 19. I-V Curves for a TTL-Style Output with No Pull-Up Resistor 
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Figure 20 shows the curves for rail-to-rail switching outputs. The p-channel impedance, when 
the output is HIGH, ranges from 200 Q when extremely heavily loaded to about 50 Q when 
lightly loaded. The n-channel impedance is lower, at about 10 Q. 
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Figure 20. Curves for a CMOS-Style Output 
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Output Drive vs Temperature and Vcc 


The output drive varies with temperature just as I¢c does. As the temperature increases, electron 
mobility decreases, cutting the drive. Likewise, the drive increases as temperature decreases. For 
example, at 75° C, Ip; decreases by about 18% from its room temperature value; Io;; decreases 
by about 7%. 


The drive also varies directly with Vcc, although the effect is most pronounced on Io,;; it 
increases by about 18% when taken from 5.0 V to 5.25 V. Because a low output transistor is 
already ON hard, the little extra bit of drive that its gate gets as Vcc goes to 5.25 V only increases 
Io, by about 3%. 


There is no explicit current-limiting resistor on the pull-up. The resistance of the pull-up channel 
limits the current. The fact that this resistance is smaller than what one might find in a bipolar 
device contributes to the more symmetric impedances, but also gives a higher short-circuit 
current: ISC. The slew-rate-limiting circuit also limits the drive; slew-rate-limiting is discussed 
below. 


AC Parameters 


AC parameters vary with a number of conditions. The data sheet specifications designate one 
set of conditions that act as a benchmark for confirming the guaranteed performance, but as the 
application changes the conditions, the actual system performance may change. 


tpp vs Temperature 


Propagation delays decrease (that is, they speed up) at colder temperatures for the same reasons 
that Ic¢c increases. In general, devices at 0°C operate about 15% faster than those at 75°C. 


tpp VS Vcc 

As Vcc is increased, more power is available, and the device can operate faster. However, the 
effect is less pronounced than with temperature. A device operating with a 5.25 V supply runs 
about 4% faster than one running with a 4.75 V supply. 


tpp vs Loading 


The tpp increases as the device load increases, although much of this results from the increase 
in rise and fall times of the outputs. For every 50 pF change in load, roughly a 2- to 5-ns change 
in the rise and fall time can be expected. In addition, as the load increases, more transient 

current is switched, creating more internal noise. This can slow the speed path inside the chip. 


Power-Up Reset 


Power-up reset is a feature that forces a device to power up into a known state. Without this 
feature, the power-up state is not known. Power-up reset helps make system initialization and 
testing simpler. 


The ramp rate of Vcc is not critical to the power-up reset function. However, there are two other 
requirements: the supply ramp must be monotonic, and the clock must be suppressed until 
power-up is complete. 


The monotonicity requirement basically says that there should be no low-going glitches in the 
power-up ramp (Figure 21). The danger in such glitches is that if the timing and voltage are just 
right, the registers themselves may think that the device powered down temporarily, causing 

them to lose their state. If the glitch is fast enough, however, the power-up reset circuit may not 
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notice the glitch and may think that everything is proceeding just fine. At the end, the registers 
may be in a random state. Even if the power glitches low enough for long enough time to shut 
down all circuits, the power-up timing must be restarted from the end of the glitch. 
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| 16507C-034 
Figure 21. Non-Monotonic Power-Up Can Cause Power-Up Reset To Fail 


There is also a requirement that the clock not be running during power-up (Figure 22a). If the 
clock is running while the device is powered up, then as different parts of the device—and, 
indeed, the whole circuit board—turn on, parts of a single device, or different devices, may be 
out of synchronization with each other (Figure 22b). At some point, a part of a device will be 
ON enough to start recognizing the clock. It will then start to sequence as per the inputs it sees. 
If the inputs are not stable, the sequence may not be correct. In addition, if not all parts of the 
circuit or board recognize the clock at exactly the same time, some parts will start cycling before 
others, and the whole system will be out of synchronization. 


The other potential (although remote) problem with clocking during power-up is metastability. 
If a register powers ON in time to see the clock edge, its setup time might have been violated, 
making the results at the output unpredictable. 
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Figure 22. Clocking During Power-Up Reset 
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Some applications place the CMOS PLDs in a situation where it is itself powered down, but it is 
driving or is driven by other devices that are still powered up. This is especially typical of devices 
which talk directly to a bus (Figure 23). 


Powered-Down Characteristics 


The characteristics of the device in such a condition depend on how the power was removed. 
There are two ways of removing power: 


@ Opening up the V¢c line (e.g., if Vcc is fused, and the fuse blows; Figure 24) 
@ Grounding Vcc (Figure 25) 
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Board - Powered Down 
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Figure 23. Powered-Down Device with Active Inputs and Outputs 
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Figure 24. Power Down with Vcc Open 
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Figure 25. Power Down with Vcc Grounded 
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It is important to know whether, for a given device, there is some kind of path from the pin to 
Vcc when Vcc is lower than the pin voltage. If any current can flow, it is not necessarily 
catastrophic, but there can be some effect. If Vcc is grounded, then there is a direct path to 
ground for any current flowing from the pin to V¢c (Figure 26a). If Vcc is open, then the only 
path from Vcc to ground is through the device itself, and through the Vcc lines of any other 
devices on the same Vcc line (Figure 26b). In the latter case, the pin is essentially powering up 
the device(s) itself; realistically, it cannot provide enough power to drive the chip, and this could 
result in the pin being loaded down. 
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Figure 26. Powered-Down Current Paths with P-Channel Pull-Up 


Most of Vantis’ CMOS PLDs have no such path when powered down. Figures 27 and 28 show 
the I-V curves of inputs and I/O pins while Vcc is open and Vcc is grounded. Figure 27 is for . 
TTL-compatible devices which have n-channel pull-ups on the outputs. Figure 28 is for the 
HC/HCT-compatible zero-power devices and others which have p-channel pull-ups. 
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Figure 27. Power-Down Characteristics of TTL-style CMOS Inputs and Outputs 
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Figure 28. Power-Down Characteristics of CMOS-Style Output 


Note that for most of the TTL-compatible devices, there is no leakage on the pins. This means 
that signals on a pin are not affected by the powered-down device. Therefore, it can be safely 
connected to an active bus. It also allows for safe hot insertion or “hot socketing,” where the 
device (or the board that contains the device) is plugged into a socket that has Vcc applied. 


As a result of one of the ESD structures (which are discussed below), some devices do conduct 
some current when Vcc is powered down (Figure 28b). Newer devices do not have this 
characteristic. This is described in the following ESD section. 


With the HC/HCT-compatible devices, the input structures are the same as for TTL devices, but 
the outputs conduct because of the p-channel pull-up. There is a parasitic diode between the 
output and Vcc (Figure 29). This can cause latch-up if the output voltage is higher than Vcc. 
Thus, it is not recommended that devices with p-channel outputs be directly connected to a bus 
if the device will be powered down while the bus is active. Hot insertion of these devices 
should also be avoided. 
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16507C-046 
Figure 29. Parasitic Diode in CMOS-Style Outputs 


DEVICE INTEGRITY AND ROBUSTNESS 


The reliability of Vantis’ CMOS processes is documented in product and process qualifications. 
For EE process products, generally the extended life FIT rate is under 100. The rate for the 
devices with 2000 hours burn-in is around 30; similar devices with only 1000 hours burn-in have 
a FIT rate closer to 100. With more burn-in experience, the FIT rate will decline even further 
due to the statistics used to calculate FIT rates. The FIT rate calculation is such that with fewer 
burn-in hours, a lower confidence factor is applied, giving higher FIT rates on newer products 
even when there are no failures. 


ESD 


Every pin on the devices is protected against electro-static discharge (ESD), a formal name for 
static electricity shocks. Output pins rely on the large output drivers as protection. Inputs 
normally do not have large drivers, so a circuit must be added for input protection. These input 
protection circuits also provide clamping against negative overshoot. 


All new devices make use of the structures in Figures 30a and 30c for ESD protection. Most input 
pins use the circuit in Figure 30a. On pins requiring high voltages, the circuit has been modified 
as shown in Figure 30c. Some older devices have the configuration shown in Figure 30b. 
Because the active pull-down transistor is not ON when V¢c is disconnected, it cannot 
necessarily hold off the ESD transistors; this causes the current seen in Figure 27b. This circuit 
is no longer being used in new devices. 
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Figure 30. ESD Protection 
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NOISE GENERATION AND SENSITIVITY 


Vantis’ CMOS PLDs are designed with noise concerns in mind. This affects both the amount of 
noise generated by the devices and the way in which the devices react to externally-generated 
noise. As more is understood about the nature of system-level noise, new design techniques are 
being used to make the devices quieter and more robust. 


Ground Bounce 


Ground bounce occurs when many outputs simultaneously switch from HIGH to LOW. This 
occurs because of the fact that CMOS devices generally have outputs that switch very quickly. 
If left uncontrolled, ground bounce can make a device with many outputs unusable. 


Ground bounce is generated by the natural parasitic inductance in the ground lead (see Figure 
31). When a large current surge goes through the inductor, the high di/dt induces a voltage that 
puts the ground level on the chip at a higher voltage than the ground level seen on the board. 


Output 


Output 


Causes Ground Bounce 


| 16507C-050 
Figure 31. Origins of Ground Bounce 


Any output that is at a static LOW level maintains a Vo; with respect to the chip ground. If the 
chip ground is bouncing with respect to the board ground, the LOW output will track the moving 
chip ground and will also appear to bounce (see Figure 32). This is sometimes seen as a glitch 
by the next device. Even if there is no output glitch, instances of high ground bounce can slow 
the performance of the internal circuits by temporarily starving them of power. In extreme cases, 
this can interrupt the internal circuits. 
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- Figure 32. Symptoms of Ground Bounce 


Excess ground bounce can be handled in two ways: by limiting the amount of ground 
inductance and by reducing the di/dt. Inductance can be reduced by improving the 
configuration of the ground pin. 


Ground bounce is also controlled by limiting the slew rate of all the output drivers (see 
Figure 33). This slows down the fall time and reduces the rate of current change by as much as 
25%. 
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Figure 33. Output Drivers with Slew-Rate Control 
Overshoot Sensitivity 


Overshoot is a form of noise usually generated when signal traces act as transmission lines but 
have not been adequately terminated. The resulting reflections can cause significant overshoot, 
with as much as double the intended swing applied to the input in the negative or positive 
direction. 


Negative Overshoot 


Negative overshoot (Figure 34) poses no problems for a device that has been carefully designed. 
There is no detrimental effect as long as no unexpected parasitic behavior occurs due to the fact 
that ground is no longer the most negative voltage. However, the ringing that usually follows 
overshoot can slow down system performance, since the system has to wait for the ringing to 
subside. 
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Undershoot 


Overshoot 


16507C-053 
Figure 34. Definition of Negative Overshoot and Undershoot 


Clamp diodes are useful for stealing the energy present in the ringing and cutting the ringing 
short. A fast clamp reacts to the overshoot as it occurs, cuts the amplitude of the overshoot, and 
reduces or eliminates ringing. Figure 35 shows the ESD protection circuit used on most input 
pins. Parasitic p-n junction diodes exist between the substrate and the n-type source and drain, 
although these diodes are relatively slow. Faster reaction is provided by the n-channel devices 
themselves. When the input is too negative, the gate-to-drain voltage is positive. If the drain is 
more negative than the threshold voltage, the transistors turn on in the reverse direction, with 
the drains acting as a sources. This happens very quickly and acts as a clamp. This will also 
happen on an I/O pin, with the low output driver acting as the clamp. 
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ESD Circuit 


a. Circuit diagram 
16507C-054 


p-substrate 


b. Cross-section 
16507C-055 


Figure 35. Negative Overshoot Clamping 


While it might appear that parts with negative substrate bias can “tolerate” more negative 
overshoot, it is really more accurate to say that these parts allow more negative overshoot, since 
there is no clamping. If there are effective input clamps, which are possible with a grounded 
substrate, then it will look like the part never gets as much negative overshoot. This does not 
mean it cannot handle the overshoot; it means that it is clamping the overshoot. If you take the 
part out of the socket, you will see that when unclamped, the overshoot will increase 
dramatically, as illustrated in Figure 36. Since Vantis’ devices have a grounded substrate, they 

_ are inherently better equipped to handle negative overshoot. 
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Ch. 1 = 2.000 volts/div 
Timebase = 50.0 ns/div 


a. Signal driving empty socket 
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b. Signal driving same socket with CMOS PLDs in it 
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16507C-057 
Figure 36. The Effect of Clamping 


Positive Overshoot 


Large amounts of positive overshoot (Figure 37) can be a problem on most PLDs, regardless of 
technology or vendor. This is because most PLDs are programmed using supervoltages, and 


the pins therefore have supervoltage detectors that turn on the programming or test circuits, and 
potentially disable parts of the normal operating circuitry. 
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Overshoot 


Undershoot 


Figure 37. 


Definition of Positive Overshoot and Undershoot 


16507C-058 


If there is too much positive overshoot, the signal can travel into the programming voltage range, 
briefly activating the programming circuitry. This can result in functional interruptions, such as 
outputs momentarily starting to disable or going from HIGH to LOW. 


For earlier devices, the problem can only be avoided by revising the design to reduce the 
overshoot. A particular design in a particular device may work, but this may be because that 
device has no supervoltage function on that particular pin. However, if an alternate source with 
different supervoltage pins is used, the design may not work. _ 


New Vantis CMOS devices incorporate a filter, or delay circuit, that delays the reaction of the 

programming circuit for about 100 ns. This is enough to reject overshoot signals, which usually 
last for less than 30 ns. Positive overshoot will not cause any functional interruptions on devices 
with this protection (see Figure 38). 
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Figure 38. Positive Overshoot Filter 
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LATCH-UP 


Latch-up occurs as a result of parasitic bipolar transistors between the n-channel and p-channel 
devices (see Figure 39a). These transistors form a parasitic SCR (see Figure 39b), which turns 
ON when triggered, conducting large amounts of current. It is usually impossible to shut OFF 
without removing all power from the device. The amount of current drawn is so high that it can 
either overload a power supply or, if the power supply can supply huge amounts of current, 
destroy the device. 


Latch-up is normally triggered by an input or output at a voltage significantly above Vcc or 
below ground, with enough current drawn to cause the SCR to turn on. This condition usually 
occurs when hot socketing a vulnerable part; i.e., plugging a part into a powered-up board or 
inserting a board into a powered-up system. When this happens, the inputs and Vcc power up 
uncontrolled, and there is a risk of latch-up. 


R p-substrate p-substrate 


a. Cross-section 


16507C-060 
Vec 
G) 
Rn-well te 
oO 
= 
aa 
> 
py 
2) 
en 
= 
mY 
=. 
vo) 
5 
Rp-substrate 
b. Equivalent schematic 
16507C-061 


Figure 39. Latch-up Mechanism 
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TTL-compatible outputs are intrinsically less susceptible to latch-up, since they have no 


p-channel pull-up. This accounts for nearly all of Vantis’ CMOS PLDs; these devices can be used 
for hot-insertion. | | 


For true CMOS outputs, the SCR is an intrinsic part of the CMOS structure and cannot be 
eliminated. The SCR must be made as difficult as possible to turn ON by using guard rings and 
very carefully laying out input and output circuits. All of Vantis’ CMOS devices are guaranteed 
to endure a current pulse of 100 mA into or out of the pin without inducing latch-up; most 
devices can actually withstand over 500 mA. 


GROUND BOUNCE 


Because CMOS devices generally have higher output slew rates, designs having many outputs 
switching at the same time (particularly if the outputs are heavily loaded) can cause more ground 
bounce than that generated by a comparable TTL device. It is important to use devices with 
output slew rate control. 


The slew-rate-limiting circuits help minimize the occurrence of conversion problems, but even 
when the output slew rate is limited, the signal still can switch more quickly than that from a 
TTL output. If a design cannot be modified to accommodate the faster edge rates, this ground 
bounce may make a conversion unfeasible. If design changes are possible, any of the following 
can be tried: 


@ Limit the number of outputs that can switch at once. 
@ Reduce the loading on the outputs. 
@ Go to a lower-lead-inductance package (like a PLCC). 


@ Ensure that the ground path on the circuit board has low inductance. 
OVERSHOOT 


The other possible problem when converting from bipolar to CMOS is reaction to signal 
overshoot in a noisy system. This is only an issue if the CMOS device has no overshoot 
protection. Overshoot sensitivity is not specifically related to CMOS, but results from 
programming algorithms being different between the technologies. This also can occur when 
changing between bipolar vendors, or when changing between CMOS vendors. If the noise on 
a signal can disturb supervoltage circuitry, this can be troublesome. 


Different devices have different sensitivities; this accounts for some of the apparent 
incompatibility. However, the culprit usually is the fact that supervoltages appear on different 
pins for different devices, and the supervoltage functions vary. Thus, overshoot on one pin of a 
particular bipolar device might have had no effect. Once that device is changed (whether to 
CMOS or any other device that has no overshoot filter), the new device might react to the 
overshoot and cause problems. 


The solution is to ensure that all signals are clean and have minimal overshoot, making them 
compatible with any device. Signal noise reduction can be accomplished most effectively by 
controlling the impedance of the signal traces and terminating correctly. As an alternative, if the 
driving device has extremely fast edge rates, it can be replaced with a device that has better 
controlled output slew rates. , 
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SUMMARY 


By concentrating on the needs of CMOS PLD users, Vantis has developed industry-leading CMOS 
technology that can provide cost-effective PLDs of unequalled quality, reliability, and 
performance. Vantis provides value through: 


@ State-of-the-art fabs, for better control of quality, reliability, volume, and costs 

@ Electrical erasure, for higher quality and lower cost 

@ The highest performance available 

@ Robust technology that is quiet and yet tolerant of noise 

@ An extremely broad offering of products; low and high density, low and zero power 


This information has detailed many of the aspects of the technology that make it superior to any 
alternatives. 
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Product Reliability Monitoring 
Program 


| BEYOND PERFORMANCE 


INTRODUCTION 


Vantis is committed to providing products with unequaled product reliability. Throughout the life 
of our products, from technology development and product design to volume manufacturing, the 
reliability is constantly monitored to ensure our products meet exacting standards. The core of the 
production monitoring process is the Qualification Maintenance Program. 


Vantis Qualification Maintenance Program (QMP) 


Vantis’ Qualification Maintenance Program is used to measure the reliability of all process | 
technologies used on a regular basis. This program monitors the EEPROM wafer fabrication 
technologies used to manufacture Programmable Logic Devices. The program also provides 
extensive coverage of packaging technologies through environmental stress tests. Typically about 
2500 devices per month are subjected to a battery of reliability stress tests with interval electrical 
testing. 


The Qualification Maintenance Program has two purposes: 
1. Improved Reliability Performance 


Vantis maintains a Zero Tolerance mentality regarding defective units identified during reliability 
testing. Every reject is analyzed to determine the root cause of failure in order to drive continuous 
improvement through the implementation of corrective actions. Improvements in processing and 
device design are developed from the analysis of failed devices. 


2. Generation of Reliability Data 


OMP test results are used to assess the benefits of production burn-in, estimates of typical lifetimes, 
model field applications, and determine suitability of plastic packaging in various temperature and 
humidity environments. 


Qualification maintenance testing is conducted on representative samples of devices from each 
wafer fabrication process technology. Samples are pulled from each process technology on a 
monthly basis. The sampling plan includes all technologies from all wafer foundry locations to 
ensure complete coverage. Devices are selected on the basis of complexity, production volume, 
and strategic importance. Process, package and product reliability qualification are used to 
determine device selection. 


Devices that represent a design and technology family per EIA/JEDEC specifications are used on 
high volume technologies. This process and design grouping results in larger sample sizes so 
reliability assessment is statistically significant. 


Publication# REL-DS-1 
Amendment/0 Issue Date: November 1998 
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QMP TESTS AND TEST CONDITIONS 


A variety of stress testing is used to measure device reliability. The stress test employed and the 
test conditions used are shown in the table below. 


Table 1. Reliability Monitor Stress Conditions 


. Sample Size Ambient Conditions 
Readpoints one a 


Temperature Cycle 100,100 cycles as 65°C to 150°C ane “40 Cto 150°C 


Temperature Humidity Bias 1000 hours —= 85°C & 85% RH, 5V 


Note: 
1. Devices dissipating low power are life tested at 150°C 


Plastic surface mount devices are pre-conditioned prior to undergoing temperature cycling and 
biased temperature and humidity stressing. Pre-conditioning is required in order to simulate the 
stresses that the packaged parts are subjected to during shipping, storage, board assembly and 
cleaning operations. A convection reflow profile and the pre-conditioning flow are shown below. 


Cool down rate: 
Tmax = 220 + 5°C 1°C/sec 


250 


200 7 183°C Eutectic Temp. 


150 


100 


Max. Ramp-up Rate: 
4°C/sec 


Temperature (°C) 


50 


0 50 100 150 200 250 300 350 400 450 


Time (sec) 


Figure 1. Reflow Soldering Profile for IR & Convection Oven 
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_ Electrical test (Room & Hot Temp.) 
40X Visual Inspection (all units) 


Acoustic Microscope Inspection 
Die Top, Bottom, and Thru Scan 


(10 serialized units/lot) 


Temperature Cycle 
(5 cycles; -40°C to 150°C) 


High Temperature Storage 
(24 hours; 125°C) 


Unbiased Moisture Soak 
(168 hours; 85°C/85% R.H.) 


High Temperature Storage 
(24 hours; 125°C) 


Convection Reflow Allow 15 minutes 
100-150 sec. above 183°C cooling time 
Tmax = 220 +5°C, 3 passes between passes 


40X Visual Inspection (all units) 


Acoustic Microscope Inspection 
Die Top, Bottom, and Thru Scan 
(10 serialized units/lot) 
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Flux Application 
Electrical test (Room & Hot Temp.) 


Electrical test (Room & Hot Temp.) 


Temperature Biased ae 
Cycle 85°C/85% R.H. Preconditioning 
Stress Test 


Figure 2. Standard Preconditioning Flow for Non-Dry-Packaged Packages 


Product Reliability Monitoring Program 455 


Table 1 . Table 2 
JEDEC Moisture Soak ee eee - JEDEC Moisture Soak 


Requirements (Restart) 


Requirements 


40X Visual Inspection (all units) 


Soak Times 


Soak Times 
Level 3: <192 or >196 hrs 
Level 4: <96 or >100hrs 
Level 5: <48 or >52hrs 
Level6: <6 or >8hrs 


Level 3: 192 hours 
Level 4: 96 hours 
Level 5: 48 hours 
Level 6: 6 hours 


At 30°C/60% R.H. 


Acoustic Microscope Inspection 


Die Top, Bottom, and Thru Scan 
(10 serialized units/lot) 


At 30°C/60% R.H. 


Temperature Cycle 
(5 cycles; -40°C to 150°C) 


High Temperature Storage 
(24 hours; 125°C) 


Unbiased Moisture Soak 
(168 hours; 85°C/85% R.H.) 


High Temperature Storage 
(24 hours; 125°C) 


Convection Reflow Allow 15 minutes 
100-150 sec. above 183°C cooling time 
Tmax = 220 +5°C, 3 passes between passes 


40X Visual Inspection (all units) 


Acoustic Microscope Inspection 
Die Top, Bottom, and Thru Scan 
(10 serialized units/lot) 


Flux Application 
Electrical test (Room & Hot Temp.) 


ee ed mm mee mee meee meee meee ene — eae ae le 


Electrical test (Room & Hot Temp.) 


Post 
Preconditioning 
Stress Test 


Biased 
85°C/85% R.H. 


Temperature 
Cycle 


Figure 3. Standard Preconditioning Flow for Dry-Packaged Packages 
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FAILURE ANALYSIS 


Every reject that is encountered during the course of QMP stress testing provides an opportunity 
for continuous improvement through identification and elimination of root cause. Additionally, 
there is a significant opportunity to understand the cause of variance in products, even while they 
meet specifications. 


Failure analysis in the semiconductor industry has evolved towards a more thorough 
understanding of the device physics of the underlying process technologies. Different skills, 
knowledge and tools are also required to analyze defects that exhibit no morphology using 
conventional failure analysis techniques. 


Electrical failure analysis of Vantis finished products is done by five Device Analysis Laboratories 
located around the world. A cooperative arrangement with suppliers of device analysis services 
allows Vantis to provide this capability world-wide. Two analysis sites are located in the United 
States: Austin and Sunnyvale; two are located in Asia Pacific: Penang, Malaysia and Bangkok, 
Thailand; and one in Frimley, England. These laboratories serve our local sites and customer base 
by providing analytical services on packaged devices. This includes analysis of our sub-micron 
products from qualification stresses, qualification monitor stresses, quality test failures, customer 
returns, and engineering evaluations. 


All five of the laboratories have Scanning Electron Microscopes (SEMs) with X-ray analysis systems 
(EDX) attached. Sunnyvale and Austin have Field Emission SEMs with significantly enhanced 
resolution capability and windowless EDX detectors for extended analytical capability. Most sites 
have Scanning Acoustic Microscopes (SAMs) and X-ray capability for package evaluation. Austin, 
Sunnyvale, and Penang have e-beam microprober capability, which provides access to signals - 
deep within a device. The same laboratories also have Focused Ion Beam (FIB) capability, which 
is used during new device debug (cutting and deposition of metal lines allowing for circuit 
modification) and for failure analysis where probe points can be created and where micro 
precision cuts aid in cross sectioning. 


Other tools common to all labs include automatic decapsulation capability for plastic devices, both 
wet chemical and dry delayering (plasma and Reactive Ion Etch), optical microscopes with 
cameras, mechanical probe stations to electrically examine inside a device being evaluated, laser 
systems for circuit isolation, and polishing wheels for die and package cross sectioning. Each lab 
has a Layout Tool to provide engineers access to the physical layout drawings of the device that 
they are evaluating. 


RELIABILITY DATA/ANALYSIS 


The reliability data generated from the Qualification Maintenance Program (QMP) is used to 
predict field reliability. A detailed description of the modeling procedure used for estimating 
reliability under field conditions follows. 
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Average failure rates are calculated for time periods related to both early life and inherent life. The 
early life period corresponds to approximately the first 4,000 hours at field use conditions. The 
inherent life corresponds to the useful life beyond the first 4,000 hours of field operation. For these 
calculations, device operation temperature is assumed to be 55°C ambient. Voltage acceleration 
factors are used in the analysis wherever applicable. 
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The Exponential Distribution 


The exponential distribution is simple to use, well understood and as valid as any for life tests with 
large sample sizes and few failures. No actual distribution can be implied as there is seldom 
enough data to determine one. The exponential distribution, characterized by a constant failure 
rate, is a special case of the Weibull. The average failure rate is the same as the instantaneous 
failure rate for the exponential distribution because the failure rate is constant. 


The exponential distribution is the only one for which a MTTF (mean time to failure) value may 
easily be estimated, and it is simply the reciprocal of the failure rate (A). In addition, it is the only 
one for which a confidence level may be readily assigned to the failure rate calculation. 


The best way to understand the concept of confidence levels is to consider this example. Assume 
that a life test on a 100-piece sample from a certain product population had one failure and a 60% 
confidence level was desired. The chi square value corresponding to one failure at 60% confidence 
is 2.02. This means that one has a 60% confidence that the “true” value of the population’s defect 
rate is between zero (or some very small value) and 2.02%. 


The conventional expression for the failure rate, A, is: 


1 = x°(2n+ 2,1-a)x 10° 
2XSSXtCXAF 


where (is the failure rate in FITs (failures per billion unit-hours), y2(2m+2,1-0)/2 is the upper 
confidence value for “n” failures and upper confidence limit, « (expressed as a decimal value), SS 
is the sample size, t is the test duration in hours, and AF is the acceleration factor relating the life 
test junction temperature to a assumed field junction temperature 


The x7 (chi square) value for 2n+2 degrees of freedom and the probability, 1-a, can be obtained . 
from a table or calculated using Microsoft Excel chi squared inverse function [>CHINV(1-a,2n+2)]. 


Failure Distributions 


The lognormal and Weibull CDF’s are the distributions most often used to represent reliability 
failure mechanisms. The exponential distribution, characterized by a constant failure rate, is a 
special case of the Weibull. The lognormal distribution is specified by two parameters: T50, the 
median time to failure, and sigma, the shape parameter. The Weibull distribution, which can be 
written in closed form as: 


F(t) = iexor(e7es" 7, 


is characterized by a characteristic life, c, and a shape parameter, m. The value of the shape 
parameter determines whether the failure rate is increasing (m>1), decreasing (m<1), or constant 
(m=1). The exponential distribution: : 


F(t) = J-exp [-(t/ce) J, 
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is specified completely by the one parameter, c, called the mean time to failure (MTTF). Figures 4 
and 5 show failure rates for several values of the scale parameters of the lognormal and Weibull 
distributions, respectively. 


Lognormal Failure Rate (Hazard) 
T50 = 1 


Hazard 
NO 
O1 


Figure 4. Lognormal Distribution 
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Weibull Failure Rate (Hazard) 
Characteristic Life = 1 
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Figure 5. Weibull Distribution 


Calculations of Failure Rates 
To estimate field failure rates from reliability studies, many factors must be considered. One 
primary requirement is the identification of individual failure mechanisms in order to ascribe the 
failures to the proper categories used in the Vantis reliability model. 


Considerations and Assumptions | 

1. Defective subpopulations and Early Life failures: 
In any production lot, a defective subpopulation may exist. These are devices that fail by a 
mechanism not common to the general population which is usually the result of some process- 
ing error or defect. These failures usually occur early and consequently are called Early Life fail- 
ures. Early Life (EL) is defined as 4,000 field equivalent hours (FEH) -- actual life test hours 
multiplied by the acceleration factor for the mechanism. 
The early life failure rate will be reported in FITs (failures per billion unit-hours). 
Early Life failures will also be reported as DPM (defects per million) for 4,000 hours. The DPM 
value is obtained by multiplying the EL failure rate in FITS by 4,000 and dividing the result by 
1,000 to obtain the EL failure rate as defects per million. 


2. Inherent Life failures: 
Failures that occur in excess of 4,000 equivalent field hours are usually by mechanisms related 
to defects that could occur in any product of this type. These are known here as Inherent Life 
(IL) failures. If the first read-time in a life test is equivalent to greater than 5,000 hours for a 
given mechanism, the data will be considered IL data, and unless there is no failure at this time, 
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it will be considered that no data exists for this mechanism for Early Life. If this first read-time 
has zero fails, Early Life will be calculated at 4,000 hours assuming no fails. 


. Estimation of thermal acceleration factors: 


The best known activation energies for each mechanism are used in calculating the thermal 
acceleration using the standard Arrhenius equation for thermal acceleration. For each process 
egroup/package combination, representative acceleration factors were estimated based on the 
weighted average of acceleration factors of individual devices in that group. 


. Voltage acceleration: 


Certain failure mechanisms are accelerated by voltage stresses above normal operating voltage. 
The formula for voltage acceleration is shown below: 


VAF = expl{230 Y¥ (Ve. — Va)7Tox)] 


VAF is the voltage acceleration factor, V, is the test voltage, V, is the nominal operating voltage, 
Tox is the oxide thickness in A, and gamma (+) is a constant of value “3” for oxide defect related 
mechanisms or “1” for intrinsic oxide related ones. 


For charge gain (floating gate devices), VAF varies just as the exponential of the voltage 
difference. 


. It is common in the reliability literature to see failure rates stated at a specified level of 
confidence: 


For example, a 60% upper confidence limit on the failure rate indicates that unless a 4 in 10 
chance (40%) has occurred, the true population failure rate is less than the stated limit. The sum- 
mation of individual failure rate components, each at 60% confidence, will however result in an 
overall failure rate at an unknown confidence level that may dramatically exceed 60%. 
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INTRODUCTION 


_ Vantis provides its programmable logic devices (PLDs) in a wide range of packages. These 
packages provide benefits such as high power dissipation capability, small footprint, and high 
I/O. This section provides details about the packages that Vantis supplies. 


EXTERNAL LEAD DESIGNS 


The shape of the leads on leaded surface-mount packages, which includes all but the BGA 
package, are formed in either a gull-wing or J-bend shape. Both lead shapes offer the advantage 
of being flexible, which allows them to absorb thermal expansion mismatches between the IC 
package and the board. 


@ Gull-Wing Lead Design 


Gull-wing leads are similar to dual-in-line, through-hole leads except that the leads are bent at 
the tips to rest flat on the board surface. This provides a built-in standoff between the package 
and the board, enabling thorough board cleaning and easy-to-inspect solder joints. 


@ J-Bend Lead Design 


Like the gull-wing design, J-bend leaded packages can be mounted directly to the board, thus 
offering a built-in standoff and all the advantages inherent in this. A strong, inspectable bond is 
easily attainable provided the solder lands include extensions out from under the package. The 
J-bend design also allows easy socketing, which facilitates device testing and programming. 


7) 
Mm 
=) 
a") 
= 
— 
=| 
a 
2) 
be 9 
3 
a’) 
= 
>) 
=) 


Publication# 21552 Rev: B 
Amendment/0 Issue Date: November 1998 


Package Leads 


Solder Land Pad 


Printed Circuit Board 


21552B-001 


Figure 1. J-Bend (On the Left) and Gull-Wing Lead Formations (On the Right) 
Allow Components to be Mounted onto the Surface of the Circuit Board 


PACKAGE MATERIALS 


The materials used in Vantis’ plastic packages and flammability data are provided in this section. 
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Plastic Leaded 
Chip Carriers 


(PL, PLH) 


Metric Plastic Quad 
Flat Pack (PQR) 


Thermally Enhanced 
Metric Plastic Quad 
Flat Pack 

(heat spreader (PRH), 
heat sink (PQE)) 


Thin Plastic Quad Flat Pack 
(1.0 mm thick (PQT); 
1.4 mm thick (PQL) 


TOFP 


Plastic Ball Grid Array 


Plastic Dual-In-Line 


Small Outline Plastic 


Notes: 


1. The mold compound ts tested according to the ASTM Standard D2863-77,:Standard Method for Measuring Oxygen 


Table 1. Flammability Ratings per Package Type and Size 


44 (PL) 
68 (PL) 
84 (PL) 
84 (PLH) 
100 (PQR) 
144 (PQR) 
160 (PQR) 
208 (PQR) 
160 (PQE) 
208 (PRH) 
208 (PQE) 
240 (PQE) 
44 (PQT) 
48 (PQL) 
100 (PQL) 
144 (PQL) 
176 (PQL) 
256 (BGD) 


94 V-0 & 228% 


94 V -0 & = 28% 


substrate: 
UL 94V-0 
glob top: UL 94HB 


94 V -0 & = 28% 


0.12 (Note 2) 


Compound Weight Per 


Concentration to Support Candlel-Like Combustion of Plastics (Oxygen Index).” The flammability rating is determined by the 
Underwriters Laboratories (UL) Standard 94, “Test for Flammability of Plastic Materials for Parts in Devices and Applications. 


2. Refers to the weight of the glob-top encapsulation. 
3. PD3 (300-mil) designates a PDIP design for which the package mil size is not what is standard for that lead count. 
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Table 2. Package Materials ! 


Package Type & 
Leadcount Package Part Percentage of Composition? 


All Plastic Surface Mount Packages (excluding Ball Grid Array Packages) 


13.0%—30.5% 
69.5% —87.0% 
7—80 ppm 
0.0%—0.9% weight 

0%—1.8% 
5—A40 ppm 
0—10 ppm 
20%—30% 
80%—70% 
5—50 ppm 
5—50 ppm 


chlorine 


Die attach adhesive . 


Die-to-package 
: Pa kag pond wire 
interconnections 


All Package Types 
and Lead Counts 


5—20 ppm 
99.99% 


96.2% —99.9% 
3.0% 

0.005% —2.35% 

0.65% 

0.15% 

0.12% 
0.0%—0.15% 


traces, depending on the leadframe 
supplier 


tiled = «| 85%, +5%, -0%/15%, -5% 


copper 


. . « 
. 
. 
. ° 
a 


nickel 


silicon 
Leadframe copper 
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Bo fle iF lel |2/2/8l2/2/ Ble 

(=| =} ta) =} < eo |S 
24 = 
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zirconium 


phosphorous, aluminum, 
manganese 


Lead plating tiled 
Notes: 


1. Excluding the die 


2. Ranges are provided in some cases, to cover the differences in materials per supplier. Contact your local Vantis sales representa- 
tive for more product specific information. 
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Table 3. Package Materials ' 


Package Type 
& Leadcount Package Part Percentage of Composition 2 


Ball Grid Array Packages 
circuit copper (Note 3) 99%—100% 
ene pp 


Die attach adhesive 
Die-to-package . 
Package-to-board 
outerconnections 
Glob top encapsulation 
Heat spreader 
0%—2.4% 
Notes: 
1. Excluding the die 


2. Ranges are provided in some cases to cover the differences in materials per supplier. Contact your local Vantis sales representative 
for more product specific information. 


All Plastic 
Package Versions 


3. The internal leads are electroplated with nickel, copper, and gold. These percentages vary depending on the specific package. 
Contact your local Vantis sales represenative should you need product specific information. 


Table 4. Materials Not Detectable in Vantis’ Plastic Components 


Brominated Diphenyl Oxides Tetrabromobisphenol A | 


geen yocbom [Pollen rokentnbes | 
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Cadmium and Cadmium Compounds Mercury and Mercury Compounds Tetrabromoethylene . 
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Thermally Enhanced Plastic Package Designs 


In addition to the standard package designs, Vantis’ PLCC and PQFP package families include high- 
performance variations for devices having greater power and faster speed. We are also evaluating 
high-performance designs in our TQFP and BGA package families. 


The high-performance package designs include two variations: one in which a heat spreader is 
embedded in the package, and the other entails assembling into the package a heat sink which is 
visible on the topside of the package. 


Heat Spreader Design 


This design includes a heat sink that is attached to a padless leadframe using a B-stage adhesive. 
The heat sink, referred to in this design as a heat spreader because it serves as the die attach pad, 
fills the narrow gap between where the die-attach pad would normally end and the leads begin. 
This provides a more efficient means of heat transferal since heat from the device no longer has 
to pass over a gap to escape to the leadframe. Also thermally advantageous, a thin strip of 
insulating tape in the B-stage epoxy allows the heat sink to be quite close to the leadframe without 
actually touching it (since to do so would cause an electrical short. 


The heat sink also serves as a fixed potential plane in that its voltage level will not vary much from 
the voltage on the back of the die. Because the heat sink is underneath the die, separated from it 
by only the epoxy and the 0.003-inch thick insulating tape, it is closer to all the input/output, 
power, and ground leads than in a standard PLCC package (in which the closest ground is on the 
circuit board, =0.090 inch below the leads). This significantly lowers lead inductance which keeps 
the noise level down. 


Comparative analysis of package performance using the same device in a standard versus a high- 
performance PLCC package have shown the latter to outperform the standard package in the areas 
of lead inductance, thermal impedance (8,), speed, and yields. 


INSULATING LAYER— 
DIE-, 


HEATSINK AND— 2 
DIE ATTACH PAD CONDUCTING PLANE \\ \ BONDING MARE 


f LEADFRAME 
es a> 
Ss Sw 


BONDING WIRE 


—DIE 


MOLDING 
COMPOUND 


Standard PLCC Package Design High Performance PLCC Package Design 
21552B-003 21552B-004 


Figure 2. A High-Performance PLCC Package Includes a Heat Spreader Within 
the Package—a Feature not Present in a Standard PLCC Package Design 


Exposed Heat Sink Design 


For very high-power devices, it is necessary that the heat sink conduct the heat all the way to the 
surface of the IC package. For such devices, a much thicker heat sink is used to span the entire 

encapsulated portion of the leadframe. This design can be achieved in either a cavity-down version 
(see Figure 3), in which the heat sink is visible on the top of the package, or a cavity-up version, 
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in which the heat sink is exposed on the package bottom (Figure 3). This style of heat sink is 
sometimes referred to as a heat slug, since the metal comes in contact with the chip itself (as 
opposed to a heat sink that is attached to the exterior of the package body). 


Thermal Performance improvement 


The improvement in thermal performance for, say, a 28-mm body PQFP, is approximately 30 
percent for the heat spreader design and 60 percent for the exposed heat sink version. 


Contact your Vantis sales representative should you need additional information about Vantis’ high- 
performance plastic package designs. 


Mold 
Compound 
Die Attach 
Adhesive 


Gold Wire 


Cu Leadframe 


Polymide Nickel Plated Black Oxide 


21552B-005 
Figure 3. A Heat Sink Assembled in a Thermally Enhanced PQFP 
(Known as PQE Package) is Visible on the Bottom Side of the Package 
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Plastic Leaded Chip Carrier (PLCC) Packages 


The PLCC package design is an attractive alternative to higher leadcount plastic DIPs because it 
can accommodate larger die sizes and offer the advantages of SMT. Above 84 leads, the PLCC 
configuration and lead-pitch are impractical given the availability of lower profile, high leadcount 
packages, such as finer pitch PQOFPs. 


The PLCC package construction consists of a device attached to the die pad of a leadframe, the 
circuitry of which is wire bonded to the lead fingers. A plastic epoxy material is injection-molded 
to encapsulate the device/leadframe configuration. The quad-directional leads are trimmed and 
formed to a J-bend formation. 


The 50-mil lead-pitch of a PLCC package is half the conventional lead spacing of a DIP. This, 
coupled with the PLCC leads being located on all four sides of the package, greatly reduce the 
footprint. A comparison of package dimensions is shown in Table 5. | 


Table 5. PLCC (PL) ' Package Size Overview 


Package Body Area (L X W) Lead Pitch 
Leadcount Inches SQ. Inches Package Weight (Grams) 


0.125 


135 
Note: 


1. PL is Vantis’ internal abbreviation for a PLCC package. 


ee SEE DETAIL A 


\ 


y [J Kl , 
yl FNS 


SEE NOTE 7 


SCALE:NONE 


P]__19coo7 TOTAL @|A |B. 


DETAIL A 


SEATING PLANE 
SIDE VIEW 21552B-006 


Figure 4. Square Packages (PL) 
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Vantis Package Type & Leadcount (JEDEC Drawing Number) 


Ss 


090 1.130 


pf oni [ons [oy [00s [000 [ovis [oon [os | own | 008 


Notes: 
1. All dimensions are in inches. 


. Dimensions “D” and “E” are measured from the outermost point. 

. Dimensions “D1” and “E1” do not include corner mold flash. Allowable corner mold flash is 0.010 inch. 
. Dimensions “A, Al, D2, and E2” are measured from the points of contact to the base plane. 

. Lead spacing as measured from the center-line to the center-line shall be within +0.005 inch. 

J-bend lead tips should be located inside the “pockets.” 

. Lead coplanarity shall be within 0.004 inch as measured from the seating plane. 


. Lead tweeze shall be within 0.0045 inch on each side as measured from a vertical flat plane. 


lo ON AW AWH 


The lead pocket may be rectangular (as shown) or oval. If the corner lead pockets are connected, then 0.005-inch minimum lead 
spacing is required. 

10. PL is Vantis’ internal abbreviation for a PLCC. PLH refers to one that has been thermally enhanced with an embedded heat 
spreader. 
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Plastic Quad Flat Pack (PQFP) Packages | 
PQFP packages were developed primarily for high-leadcount applications. The finer 
lead-pitch of a PQFP enables this design to accommodate higher leadcount devices than desirable 


in PDIP, PLCC, and SOIC packages. As the benefits of the PQFP package configuration were 
realized within the industry, the design was extended to lower leadcounts. 


The PQFP package construction consists of a device attached to the die pad of a leadframe, the 
circuitry of which is wire bonded to the lead fingers. A plastic epoxy material is injection-molded 
to encapsulate the device/leadframe configuration. The quad-directional leads are trimmed and 
formed to a gull-wing formation. | 


Vantis’ POFP package family includes a wide range of leadcount variations (from 100 to 240). For 
the most part, the package designs comply with JEDEC and/or EIAJ package versions. Some of the 
packages are thermally enhanced with either a heat spreader, embedded in the package body; or 
an exposed heat sink. | 


Table 6. PQFP (PQR)' Package Size Overview 


Package Body Area (L X W) Lead Pitch 
Leadcount Inches SQ. (mm SQ.) Inches (mm) Package Weight (Grams) 


Ie 
144 (POR) 1.215 (784.0) 5.21, 5.34 
160 (PQR) 1.215 (784.0) 0.025 (0.65) 


1 0D 215 840) 


208 (PQR, PRH) 9.53, 9.68 

1.215 (784.0) 

208 (PQE) 0.020 (0.50) 10.87 
240 (PQE) 1.588 (1024.0) 15.07 


Note: | 
1. PQR (cavity up) is Vantis’ internal abbreviations for metric PQFPs. Thermally ebanced versions are denoted as PRH (cavity up 
with heat spreaders) and PQE (cavity up with exposed heat sink). 
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€ BASIC 
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Hatstalatatntstata SEATING PLANE 
See 2 21552B-007 


; Notes: 
Vantis Package Type & Leadcoun 
i age IPE SLE wall 1. All dimensions are in millimeters, and the dimensions and 
PQR, PRH100 tolerances conform to ANSI Y14.5M-1982. 
(MO-108(B)CC-1) 2. Datum plane —A— is located at the mold parting line and is 


coincident with the bottom of the lead where the lead exits the 
plastic body. 


3. Dimensions “D1 and E1” do not include mold protrusion. 
Allowable mold protrusion is 0.25 mm per side. (Also see 
Note 5.) 


4, Dimension “b” does not include dambar protrusion. 


5. Dimensions “D1 and E1” do include mold mismatch and are 
determined at datum plane —A—. 


6. Dimensions “D and E” are measured from both the innermost 
and outermost points. 


12.35 REF 
0.65 BASIC 


. Deviation from the lead-tip true position shall be within 
+0.076 mm for packages having lead pitch >0.5 mm, and 
within +0.04 mm when the pitch is <O.5 mm. 


N 


8. Lead coplanarity shall be within 0.10 mm for devices having 
lead pitch of 0.65—0.80 mm, and 0.076 mm when the lead 
pitch is 0.50 mm. 
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9. The half span (center of the package to the lead tip) shall be 
within +0.0085. 


10. PQR is Vantis’ internal abbreviation for a metric PQFP. 
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Figure 6. 160-Lead Square Metric, Cavity-Up Package with a Heat Sink (PQE) 


Notes: 
1. All dimensions are in millimeters, and the dimensions and tolerances 
conform to ANSI Y14.5M-1982. 


2. Datum plane -A- is located at the mold parting line and is coincident 


Dimension with the bottom of the lead where the lead exits the plastic body. 


Codes 
3. Dimensions “E1 and D1” do not include mold protrusion. Allowable 
mold protrusion is 0.25 mm per side. (See also Note 5.) 


4. Dimension “b” does not include dambar protrusion. 


5. Dimensions “E1 and D1” do include mold mismatch and are 
determined at datum plane -A-. 


6. Dimensions “D and E” are measured from both the outermost points. 
7. The pin-one ID may be inside the top ejector mark or separate. 


8. The heatsink center line is aligned to the package body’s center line at 
a tolerance of 
£0.30 mm. 


9. The half span (center of the package to the lead tip) shall be within 
15.30 + 0.165 mm. | 


10. No lead distortion (bent leads, etc.) shall cause deviation from the 
lead’s true position by greater than +0.04 mm at the maximum of the 
0.08 NOM “b” dimension. 


11. Lead coplanarity with respect to the seating plan shall not exceed 
0.10 mm. 


12. PQE is Vantis’ internal abbreviation for a cavity-up, metric PQFP 
which has been thermally enhanced with an exposed heat sink. 
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Figure 7. Plastic Quad Flat Pack (PQFP) Packages 


Vantis Package Type & Leadcount 
(JEDEC Drawing Number) 
PQR160 PQR, PRH 208 
(MO-108(B)DC-1) | (MO-108(B)DD-1) | (MO-143(B)FA-1) 


Notes: 
1. All dimensions are in millimeters, and the dimensions 
and tolerances conform to ANSI Y14.5M-1982. 


2. Datum plane -A- is located at the mold parting line 
and is coincident with the bottom of the lead where the 
lead exits the plastic body. 


Dimension 


3. Dimensions “D1 and E1” do not include mold 
protrusion. Allowable mold protrusion is 0.25 mm per 
side. (Also see Note 5.) 
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4, Dimension “b” does not include dambar protrusion. 


5. Dimensions “D1 and E1” do include mold mismatch 
and are determined at datum plane -A-. 


6. Dimensions “D and E” are measured from both the 
innermost and outermost points. 
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7. Deviation from the lead-tip true position shall be 
within +0.08 mm for packages having lead pitch 
>0.5 mm, and within +0.04mm when the pitch is $0.5 
mm. 


8. Lead coplanarity shall be within 0.10 mm for devices 
having lead pitch of 0.65—0.80 mm, and 0.08 mm 
when the lead pitch is 0.50 mm. 


9. The half span (center of the package to the lead tip shall 
be within +0.0085. 


10. PQR (cavity up) is Vantis’ internal abbreviation for 
metric PQFPs. Thermally-enbanced PQFPs are de- 
noted by those with heat spreaders embedded in them 
(PRH for cavity up). | 
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Figure 8. 208-Lead Metric Cavity-Up Package with a Heat Sink (PQE) 


Vantis Package Type & Leadcount 
(JEDEC Drawing Number) 


PQE208 
(MO-143(B)FA-1) 


Dimension 
Codes 


> 


0.25 
3.29 
0.17 


30.40 
27.90 


SISOS iects 
Oy s nie 
~—I 


D3, E3 25.50 REF | 


0.50 BASIC 


: 
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Notes: 
1. All dimensions are in millimeters, and the dimensions and 
tolerances conform to ANSI Y14.5M-1982. 


2. Datum plane -A- is located at the mold parting line and is coincident 
with the bottom of the lead where the lead exits the plastic body. 


3. Dimensions “E1 and D1” do not include mold protrusion. Allowable 
mold protrusion is 0.25 mm per side. (See also Note 5.) 


4. Dimension “b” does not include dambar protrusion. 


5. Dimensions “E1 and D1” do include mold mismatch and are 


determined at datum plane -A-. 
6. Dimensions “D and E” are measured from both the outermost points. 
7. The pin-one ID may be inside the top ejector mark or separate. 


8. The heatsink center line is aligned to the package body’s center line 
at a tolerance of +0.30 mm. 


9. The half span (center of the package to the lead tip) shall be within 
15.30 + 0.165 mm. 


10. No lead distortion (bent leads, etc.) shall cause deviation from the 
lead’s true position by greater than +0.04 mm at the maximum of the 
“b” dimension. 


11. Lead coplanarity with respect to the seating plan shall not exceed 
0.08 mm. 


12. PQE is Vantis’ internal abbreviation for a cavity-up, metric PQFP 
that has been thermally enhanced with an exposed heat sink. 
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Figure 9. 240-Lead Metric Cavity-Up Package with a Heat Sink (PQE) 


Vantis Package Type & Leadcount 
(JEDEC Drawing Number) 


PQE240 (MO-143(B)/GA) 


Notes: 
1. All dimensions are in millimeters, and the dimensions and 
tolerances conform to ANSI Y14.5M-1982. 


2. Datum plane -A- is located at the mold parting line and is 
coincident with the bottom of the lead where the lead exits the 
plastic body. 


Dimension 


3. Dimensions “E1 and D1” do not include mold protrusion. 
Allowable mold protrusion is 0.25 mm per side. (See also Note 5.) 


4. Dimension “b” does not include dambar protrusion. 


5. Dimensions “E1 and D1” do include mold mismatch and are 
determined at datum plane -A-. 


6. Dimensions “D and E” are measured from both the outermost 
points. 


7. The pin-one ID may be inside the top ejector mark or separate. 


The heatsink center line is aligned to the package body’s center 
line at a tolerance of 0.30 mm. 


9. The half span (center of the package to the lead tip) shall be 
within 15.30 + 0.165 mm. 


10. No lead distortion (bent leads, etc.) shall cause deviation from the 
lead’s true position by greater than +0.04 mm at the maximum of 
the “b” dimension. 
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11. Lead coplanarity with respect to the seating plan shall not exceed 
0.08mm. 


12. PQE is Vantis’ internal abbreviation for a cavity-up, metric PQFP 
that has been thermally enhanced with an exposed heat sink. 


Plastic Quad Flat Pack (PQFP) Packages 477 


Thin Quad Flat Pack (TQFP) Packages 


The TQFP package is the same basic package design as a PQFP except the package is thinner, and 
the dimensions governing the solder land pattern are different. The thickness of the package body 
is 1.0 mm to 1.4 mm, versus the 3.5-mm thickness of a standard PQFP. This is possible because 
the die is back ground down to a 0.34-mm thickness. 


The major applications for TQFP packages are in handheld products, small disk drives, double- 
sided boards, and PCMCIA cards. 


Vantis’ family of TQFP packages includes cavity-up versions (denoted internally as PQT and PQL) 
from 44 to 176 leads. 


Table 7. TQFP' Package Size Overview 


Package Body | Package Body 
Area (L X W) Lead Pitch — Thickness Package Weight 
Leadcount Inches Sq. (mm sq.) Inches (mm) Inches (mm) (Grams) 
ra 


ae 
0304195 


rico 0.62 aw 0055 (140 
aime 0955 679 0055 (440 


Note: 
1. PQT is Vantis’ internal abbreviation for TQFPs having a package body thickness of 1.0 mm. PQL denotes TQFPs with package 
body thickness of 1.4 mm. 


P10.20@|C]/A-B ODIO 


P0.20@|H[A-BQ/DIO 
[Ab.aajcjA- BID [1 ]0.05 MM/MMID | 


ot 
a ~. 
Pd ~ 


ODD LEAD SIDES 


oe 


DETAIL X 


e/e 


b WITH LEAD FINISH 
Dy Va =F 
0.09/0.16 0.09/0.20 eee 


10.200 |H|AQ-BIDI® 
[1 [0.05 MM/MM [A-B| 


_— 
11°-13° 21552B-012 


Figure 10. Thin Plastic Quad Flat Pack (TQFP) Packages 
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Vantis Package Type & Leadcount (JEDEC Drawing Number) 


Codes (MS-026(A)ACB) (MO-136(B)AE) (MS-026(A)BED) (MS-026(A)BEB) (MS-026(A)BGA) 
Min Max | Min | Max | Min | Max | Min | Max | Min | Max | 
a= ee ae a 

11.80 15.80 21.80 26.20 
| 10.20 | 7.00 BASIC 13.80 19.80 24.20 
0 144 176 
oe [= [a0 
[oan [= [oa 
Notes: 


1. All dimensions are in millimeters, and the dimensions and tolerances conform to ANSI Y14.5M-1982. 


m6 


2. Datum plane -H- is located at the mold parting line and is coincident with the bottom of the lead where the lead exits the plastic 
body. 


3. Dimensions “E1 and D1” do not include mold protrusion. Allowable mold protrusion is 0.254 mm per side. (See also Note 5.) 


4, Dimension “b” does not include dambar protrusion. Allowable dambar protrusion shall be 0.08 mm total in excess of the “b” 
dimension at maximum material condition. The dambar cannot be located on the lower radius or the foot. 


5. Dimensions “E1 and D1” do include mold mismatch and are determined at datum plane -H-. 
6. Dimensions “D and E” are measured from both the innermost and outermost points. 


7. Deviation from the lead-tip true position shall be within +0.076 mm for packages having lead pitch >0.5 mm, and within +0.04 
mm when the pitch is <0.5 mm. 


8. Lead coplanarity shall be within 0.10 mm for devices having lead pitch of 0.65—0.80 mm, and 0.08 mm when the lead pitch is 
0.50 mm. 


9. The half span (center of the package to the lead tip) shall be within +0.16 mm. 

10. “N” is the total number of terminals. 

11. The top of the package is smaller than the bottom of the package by 0.15 mm. 

12. PQT is Vantis’ internal abbreviation for a 1.0-mm thick TQFP. PQL designates a 1.4-mm thick TQFP. 
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Ball Grid Array (BGA) Packages 


The BGA package is a relatively new package design which is gaining popularity as an attractive 
package solution for Programmable Logic and FPGA devices. It offers a high-density package with 
a smaller form/fit factor than a comparable leadcount quad flat pack package. More importantly, 
it is designed with solder balls instead of leads, which are more durable and loosely pitched than 
the fragile package leads of a comparable surface-mount component. This results in higher board 
yields. 


Package Design 


The package consists of a thin Printed Circuit Board (PCB) made of a BT epoxy laminate, double- 
sided, and overlaid with copper over which metallized wire bond pads and a die pad are 
fabricated. The wirebond pads extend outward to plated through-hole vias located around the 
board’s periphery. These vias provide the electrical continuity from the top of the board to the 
other side where copper traces run from the holes to a matrix of solder bumps. The bumps are 
soldered onto a land pattern on a circuit board in the end-use application. A solder mask is photo 
defined on the backside of the package to contain the flow of solder during board assembly. 


The die is attached to the die pad using a standard epoxy die attach method. Gold ball bonding 
is used to connect the die pads to the wire bond pads, and the die is encapsulated with epoxy 
encapsulation material to protect it. 


Table 8. BGA Package Size Overview 


Package Body Area (L X W) Ball Pitch 
Ball Count Inches Sq. (mm sq.) Inches (mm) Package Weight (Grams) 
356 (86D) Nae D 118 250 
0.05 (1.27) 
352 (BGD) (Note 1) 1.90 (1225.0) 


Note: 
1. BGD is Vantis’ internal abbreviation for a wirebonded, cavity-down, ball grid array, thermally enhanced with a heat slug 


Die Attach 
Adhesive 


p> Substrate 
Die ; 
I 
! 


Encapsulant 


Mounting Surface Resin Dam (Part of Substrate) 


Figure 11. BGD Cross-section 21552B-029 
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Vantis Package Type & 
Leadcount 
(JEDEC Drawing Number) 


BGD256 
(MO-151(B)/BAL-2)! 


a ee 20 x 20 ball matrix size 
1.27 BASIC 
Note: 


1. BGD is Vantis’ internal abbreviation for a wirebonded, plastic, cavity-down ball grid array that has been thermally enhanced 
with a heat sink. 
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Geometric Tolerances as 
ee 
a 

Notes: 


All dimensions are in millimeters. 


Dimensioning and tolerancing conform to ASME Y14.5M— 1994. 


Dimension “b” is measured at the maximum solder ball diameter on a plane parallel to datum C. 
Datum C and the seating plane are defined by the spherical crowns of the solder balls. 

Al corner I.D. is marked with ink. | 

Refers to the number of peripheral rows or columns. 


Refers to the height from the encapsulation to the seating plane. 


SCN AWN KR WHS 


“S” is measured with respect to datums A and B and defines the position of the solder balls nearest the package centerlines. When 
there is an odd number of solder balls in the outer row “S” = 0.000; when there is an even number of solder balls in the outer 
row the value “S” =e/2. 
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Figure 13. 352-Ball (35 x 35) Cavity-Down Package (BGD) 
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Notes: 

All dimensions are in millimeters. 


Dimensioning and tolerancing conform to ASME Y14.5M—1994. 


Dimension “b” is measured at the maximum solder ball diameter on a plane parallel to datum C. 


Datum C and the seating plane are defined by the spherical crowns of the solder balls. 
A1 corner ILD. marked by ink. 
Refers to the number of peripheral rows or columns. 


Refers to the height from the encapsulation to the seating plane. 


DN AWN KWH S 


“S” is measured with respect to datums A and B and defines the position of the solder balls nearest the package centerlines. When 


there is an odd number of solder balls in the outer row “S” = 0.000; when there is an even number of solder balls in the outer 


row the value “S” =e/2. 


9. BGD is Vantis’ internal package abbreviation for a wirebonded, plastic, cavity-up package. 
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Plastic Dual-In-Line Packages (PDIP) 


The Plastic Dual-In-Line package (PDIP) construction consists of a device attached to the die pad 
of a leadframe, the circuitry of which is wire bonded to the lead fingers. A plastic epoxy material 
is injection-molded to encapsulate the device/leadframe configuration. The leads are trimmed and 
formed to a through-hole lead design, with lead extensions along the two long ends of the 
rectangular package. 


Table 9. PDIP (PD) Package Size Overview 


Package Body Package 
Area (L X W) Lead Pitch Weight 
Leadcount Inches (Grams) 


Note: 
1. PD3 (00 mil) designate PDIP designs for which the package mil size is not what is standard for that lead count. 


TOP VIEW END VIEW 
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Figure 14. Plastic Dual-In-Line (PDIP) Packages 
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Vantis Package Type & Leadcount (JEDEC Drawing Number) , 


| mom | room | room| room| cat) 
PD 020 PD 024 PD3024 PD 028 (288 body) 

[win [Max [Min [Max [Min [Max | Min | Max | Min | Max 
[ora ~a2m | orwo | ozs [oxo | o2m | oxo | oms | ono | aaa 
[+ | oon oom | oo | oom | oom | oom | oom | om | oom | com 


A 
1 
<a 

L 


Dimension 
Codes 


} 0.120 

ois [oo [001s | oom [aos [oom | oo | omo | os | 00m 
sa 005 | 

Tea |e | |e |w|e | fe |w)e | 

Tee |e [se >e |e >e ls )e | |e |» 

Notes: 

1. All dimensions are in inches. 


A notch, tab, or pin one identification mark shall be located adjacent to the device pin one. 
Lead thickness increases by a maximum of 0.003 inch when a the solder lead finish is applied. 


These dimensions do not include mold flash or protrusion. 


Wow wih 


This dimension is measured from the outside of the leads and 0.015 inch below the plane of the package exit, as defined by the 
top of the lead. 


_ 6. This dimension is measured from the seating plane to the base plane. 


7. This dimension is measured from the seating plane (or from the lowest point of the lead shoulder width that measures 0.040 inch) 
to the lead tip. 


8. The difference between these two dimensions should not exceed 7°. 
9. When standoff has radii, the seating plane location is defined where the lead width equals 0.040 inch. 


10. PD is Vantis’ internal designator for a plastic dual-in-line package. 
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Small Outline (SOIC) Plastic Packages 


The SOIC package is an surface-mount alternative for low leadcount devices. Its design is similar 
to the conventional Dual-In-Line (DIP) package—an attractive feature for circuit designers already 
familiar with DIPs and memory boards. 


Like plastic DIPs, the SOIC package consists of a device attached to the die pad of a leadframe, 
the circuitry of which is wire bonded to the lead fingers. A plastic epoxy material is injection- 
molded to encapsulate the device/leadframe configuration. The leads extending from the two long 
sides of the rectangular package body are trimmed and formed to a gull-wing formation. 


The 50-mil lead pitch of SOIC packages allows for considerable reduction in package size over 
comparable DIPs, as shown in the table to the right. Not only are SOIC packages smaller, they are 
lighter, too. This makes them ideal for foil/film mounting and virtually all automated board 
assembly operations. 


Table 10. SOIC (SO)! Package Size Overview 


Package Body 
Area (L X W) 
Inches Sq. Lead Pitch 


Leadcount (mm sq.) Inches (mm) Package Weight (Grams) 


cea 
0.05 (1.27) 
0180 (1550 08 


Note: 
1. SO ts Vantis’ internal abbreviation for an SOIC package. 
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Figure 15. JEDEC English Packages 
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Vantis Package Type & Leadcount 


Dimension 


0.050 BASIC 


Notes: 
. All dimensions are in inches. 


. An identification mark shall be located adjacent to the device pin one. 
. Dimension “e” is measured at the center line of the leads. 


1 
2 
3 
4. Dimensions “B” and “C” increase by 0.003 inch maximum for all leads when solder dip lead finish is applied. 
5. Dimension “B” does not include dambar protrusion. Allowable protrusion is 0.004 inch. 

6. 


. Dimensions “A1” is measured from the base plane of contact, which is made when the packaged is allowed to rest freely on a 
flat, horizontal surface. 


N 


Lead coplanarity shall be within 0.004 inch as measured from the seating plane. 


0 


SO is Vantis’ internal abbreviation for an SOIC package. 
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PACKAGE DESIGN ADVANTAGES 


The BGA package design offers many advantages over other high leadcount packages. 
Board Real Estate Savings 


Because of the small package size, the BGA offers significant savings in board real estate, 
occupying about 51 percent of the space a comparable QFP requires. It has a lower profile, too, 
about one third as thick as a plastic quad flat pack (PQFP) package. 


Electrical Performance 


The BGA offers superior electrical performance because the shorter wirebond lengths in it help 
reduce inductance. Comparing a 169-ball BGA to a 160-Pin PQFP, the BGA shows a 31 percent 
reduction in signal capacitance and a 46 percent reduction in signal time delay. 


Thermal Performance 


Studies have been conducted that show that the BGA thermally outshines a comparable PQFP 
when it is fabricated with “thermal vias” G.e., through-hole vias) underneath the die pad. These 
vias allow heat generated by the device to flow to the board, which would improve thermal 
performance provided the board has a conducting plane built into it. To more accurately ascertain 
the thermal performance of a BGA, the specific end-use application environment needs to be 
considered. 


Board Assembly Advantages 


The pitch of the solder balls on a BGA is far more manageable during board assembly, at 1.0 to 
1.5 mm, than the typical 0.5-mm pitch of high leadcount Quad Flat Packs (QFPs). 


BGAs can be handled with the same pick-and-place equipment that is used for conventional 
surface-mount devices, including solder reflow methods. During reflow assembly, the wetting 
action of the solder balls tends to pull them into alignment so that placement of the component 
on the solder land does not need to be nearly as precise as with a QFP. The alignment can be off 
by as much as 6 mils—more forgiving than the 3 mils (0.076 mm) required for fine lead-pitch QFPs. 


Post Assembly Inspections 


Once the BGA is mounted on the board, there is the challenge of how to inspect the ball joints. 

Thus far, x-ray techniques appear the most viable solution, although these systems can be quite 

expensive. Once the component is mounted, it can be removed and a new component remounted; 
however, there is currently no process for reworking the removed component for reuse. 
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Vantis’ Development Plans 


Vantis is currently shipping BGA packages with body sizes of 27 mm x 27 mm and 35 mm x 

35 mm at 1.27 mm ball pitch. Vantis will continue to develop other enhanced BGA packages with 
smaller ball pitches, better thermal performance and higher ball counts with smaller body sizes for 
our future products. 
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THERMAL CHARACTERIZATION OF PACKAGES 


With the increased density and complexity of CMOS VLSI semiconductor devices, the need to 
accurately evaluate the thermal properties of packaged Integrated Circuits (ICs) is fundamental to 
the understanding and prediction of device reliability and performance. Failure rates are 
inseparably tied to the operating temperature of the device, and they increase exponentially as the 
temperature of the device junction rises. Therefore, it is important that the junction temperature of 
every IC in the system be controlled to attain high reliability and a long operating life. Likewise, 
understanding the thermal properties of each component in the system is important for addressing 
overall thermal concerns at the system level given the end-use application environment. 


Thermal performance data is usually measured in the form of thermal resistance or thermal 
impedance characteristics (RO ja, 9ya), and it is used to estimate the junction temperature of a 
device operating in a given environment. A certain amount of caution should be exercised, 
however, when using thermal data to design or evaluate systems because many factors influence 
the thermal performance of the chip-package combination. These factors include such 
phenomenon as the ambient temperature, the power dissipation of the chip, the thermal 
conductivity of the Printed Circuit Board (PCB), the proximity and power dissipation of 
neighboring devices, and the airflow through the system. Therefore, it is important to carefully 
evaluate and analyze the entire system and its environment before utilizing any standard thermal 
data. Vantis reports data using the JEDEC JESD51 specification format so that the end user can 
approximate the effect of the application environment. 


The following sections detail the methodology and techniques used by Vantis to evaluate the 
thermal performance of our devices, with an emphasis on fundamental heat flow properties. Our 
methods comply with established standards, both government and commercial, and we meet or 
exceed all military specifications for testing and reporting data. Our thermal data is collected for 
still air, moving air, and isothermal case temperature, using measurement techniques that are in 
conformance with MIL-SPEC 883D, Method 1012.1 specifications. We also adhere to the recently 
published improved standards for the thermal test method, environmental considerations, and 
mounting surface specification. These were published by the Engineering Industries Association 
(EIA) and Joint Electronic Devices Engineering Council (GEDEC), and they are documented in the 
JESD51 series. 


At Vantis, we are committed to providing current and relevant thermal information for every 
product we manufacture. In our state-of-the art thermal characterization facility, we can evaluate 
the thermal performance of any Vantis product. Customers interested in product-specific thermal 
data should contact a Vantis sales representative. 


TERMINOLOGY 


The most common terminology used in the industry for specifying thermal performance is the 0), 
term and related forms. These are used to describe the thermal characteristics of semiconductor 
devices in various environments such as natural or forced convection. They are also used when 
simulating an infinite heat sink as in junction-to-case measurements. In addition, a new term has 
been recently defined to meet the needs of end users of plastic surface-mount packages. Denoted 
as ‘P;, this measurement will allow a case temperature measurement during thermal test, which 
can then relate the case temperature in a free convection boundary condition to the junction 
temperature. The ‘Y,,; parameter also helps to validate junction temperature measurements and 
calculations during thermal characterization. 
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The terminology commonly used to specify thermal performance, and mathematical constructs for 
calculating thermal resistance parameters, are provided in the following pages. 


MEASUREMENT METHODS 


Vantis uses two primary test methods to evaluate the thermal resistance of packaged ICs: the live 
device method and the thermal test die method. In both methods, we utilize a heat source that is 
mounted within the package. For the live device method, it is a thermal test chip. 
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Thermal Resistance Terminology 


Oya, ROja Thermal resistance from junction to ambient: resistance from the 
operating portion of a semiconductor device to a natural convec- 
tion (still air) environment; °C/W. 


8yma, ROJ4 Thermal resistance from junction to moving air: resistance from 
the operating portion of a semiconductor device to a forced con- 
vection (moving gas) environment surrounding the device; the gas 
is assumed to be air unless stated otherwise; °C/W. 


Ojo, ROjJc Thermal resistance from junction to case: resistance from the 
operating portion of a semiconductor device to the outside surface 
of the package (case) closest to the chip mounting area when that 
same surface is properly heat sunk so as to minimize temperature 
variation across the surface; °C/W. 


8jR ROjR Thermal resistance from junction to reference point: resistance 
from the operating portion of a semiconductor device to a defined 
reference point within the specified environment surrounding the 
device; °C/W. 


Oyx, RO 5x Thermal resistance from junction to environment: resistance from 
the operating portion of a semiconductor device to a defined non- 
standard environment surrounding the device; °C/W. 


Oy. ROgL Thermal resistance from the operating portion of a semiconductor 
device to a liquid environment surrounding the device; °C/W. 


8ca, ROca Thermal resistance from specified reference location on the case 
of a semiconductor device to an ambient environment surrounding 
the device; °C/W. 


‘Y s¢ = Thermal characterization parameter from device junction to the top center of 
the package surface; °C/W. : 


=Junction temperature; °C. 
=Ambient temperature; °C. 
=Case temperature; °C. 
= Reference temperature; °C, to standard environment. 
=Reference temperature; °C, to non-standard environment. 
=Device power dissipation, steady state; Watts. 
=Device current supply; Amperes. 
Voc =Device voltage supply; Volts. 
Pp =Device power dissipation in watts (Vocx loc). 


Kr =Kfactor; calibration constant for determining the AT/AV relationship of the 
Thermally Sensitive Device (TSD); °C/mV. 


TSD= Thermally sensitive device: usually a semiconductor junction which exhibits a 
linear relationship to temperature over a given temperature range with a 
constant current applied; °C/mvV. 


Note: 0p is an alternative symbol for RO jp . 
continued 
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Sample Calculations: Thermal Resistance 


1) For calibration of a 
Thermally Sensitive Device (TSD): K TH -TLo 
F = 


where: Vio-Vur 
High calibration temperature 
Low calibration temperature 
High TSD voltage 
Low TSD voltage 


Note: This measurement is made at three or more temperatures to 
validate linearity of the TSD. 


2) For calculating thermal resistance: 

T, -T 

ioe 
where: Py 
0p is the thermal resistance from junction to some specified 
reference point for: 
Oja: 2.54 mm below and 150 mm to the side of the device under test 
(see Figure 8.1) 

Ojma: directly upstream from the device under test (See Figure 8.3). 


8jc: side of the package directly adjacent to the backside of the die. 


For calculating the relationship 


between Oya 9jc , and Oca: Oy = 80+ OCA (3) 


For calculating junction temperature: 
= 4 
where: Ty TR + (OR x Pp) ( ) 
TR is the temperature at some specified reference point. 
8 jp is the thermal resistance to some specified reference point, R, °C/W. 


Thermal characterization parameter, 
YY j7, calculation: T _T 
Wiyr= ISS ~* TSS (5) 


P 
where: H 


Wor Thermal characterization parameter from top surface of 
package to air. 


Tjsg = Device junction temperature at steady-state power. 
Ttss The package top surface, at steady-state power, measured 
by a thermocouple, infrared sensor, or fluoroptic sensor. 


Thermal characterization 
parameter, ‘Yy,, calculation: 
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Pry = Trss- Tass 6) 
where: Py 
Pt Thermal characterization parameter from top surface of 
package to air. 
Ttss = Package (top surface) temperature at steady-state power. 
Tass = The ambient temperature at steady-state power. 


For calculating the relationship 
between Oya and Wor: O14 = VT + Ya (7) 
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Table 11. Typical Thermal Resistance Data (T,=25°C. These Parameters are not Tested.) 


) ic °C/W Wy? °C/W 
(Typ) (Typ) 


Notes: 
1. 0, is only valid for packages with direct thermal pathways to the surface of the package and should only be used to calculate 
junction temperature if a beat sink is applied. 


2. Wrris a thermal parameter allowing the calculation of junction temperature from a measured temperature at the top center of 
the package in natural convection. See JESD 51-2 for details (www.jedec.org/free standards) 


3. All thermal data was generated according to EIA/JEDEC specifications JESD51 series. All measured packages were surface 
mounted on to 282P (2 signal, 2 internal Cu plane) boards. 


Plastic 6j- Considerations 


The data listed for plastic 0,, are for reference only and are not recommended for use in calculating junction temperatures. The 
heat-flow paths in plastic-encapsulated devices are complex, making the 0,, measurement relative to a specific location on the pack- 
age surface. Tests indicate this measurement reference point is directly below the die-attach area on the bottom center of the package. 
Furthermore, 0,, tests on packages are performed in a constant-temperature bath, keeping the package surface at a constant tem- 
perature. Therefore, the measurements can only be used in a similar environment. 


The live device method provides weighted average values for thermal resistance, and it can account for any hot spots or uneven tem- 
perature distributions on the die. The thermal test die method is preferred, however, because it enables the power dissipation and die 
size to be easily controlled. The following sections provide details on these two methods and the calibration process that is required. 
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CALIBRATION OF THE THERMALLY SENSITIVE DEVICE 


When utilizing either the live device method or the thermal test die method, the Thermally 
Sensitive Device (TSD) must first be calibrated to determine the AT/AV characteristics Ci.e., the 
change in temperature over the change in voltage). (The TSD appropriate for each test method is 
defined in the sections that follow.) 


The calibration factor (KF) for the TSD is used to relate the forward voltage of the TSD to a 
temperature, thereby allowing thermal resistance to be computed using the algorithm (1) provided 
under “Sample Calculations.” The devices under test are calibrated over the temperature range of 
interest in either a convection type oven or a temperature controlled fluid bath. 


Live Device Method 


When measuring the thermal characteristics of a live semiconductor device, the device must first 
be biased to provide the typical power dissipation for that device type. Also, a TSD must be located 
on the die to enable the junction temperature to be measured and monitored. The most commonly 
used TSD is either the substrate isolation diodes or an ESD input protection diode. Substrate diodes 
are preferred because using an input diode for temperature sensing only gives the temperature 
information for a small region of the die. Substrate isolation diodes, on the other hand, provide an 
array of the intrinsic parasitic diodes inherent in many semiconductor processes. 


To implement the electrical test method for a live device, the device must first be forward biased 
as it is in normal operation and allowed to dissipate power. Then it must be reverse biased and, 
at specified intervals (usually within 10 to 40 1s from the time power was removed), the TSD must 
be measured to determine the junction temperature. This is also referred to as the voltage-drop 
method or the pulse method. The parameter actually measured is the forward voltage drop of a 
semiconductor junction. The substrate isolation diodes are also electrically in parallel, so the 
junction temperature recorded is the weighted average of the hottest junction on the die, providing 
typical worst case values. Unfortunately, due to the increasing complexity of the silicon, the live 
device method is less popular and not widely used for high pin-count products. Biasing the die 
with the correct vectors and signals while switching from the forward- to reverse-bias modes is 
becoming more difficult, and in some cases impossible. 


Thermal Test Die Method 


When using the thermal test die method, a specially designed thermal test die is assembled into 
the IC package. This test die contains a resistive element for power dissipation. Semiconductor 
junctions (i.e., diodes) are used as TSD to enable the temperatures at various locations on the die 
to be measured. This method is used primarily to evaluate the thermal resistances of packages, 
generically, given the range of die sizes appropriate for the module size of the thermal test die 
(usually 75 to 100 mils*). These modules can be arrayed to produce larger die sizes in increments 
of the unit module (i.e., 100 mils?, 200 mils?, etc.). 
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The thermal test die method is limited, however, in that it assumes evenly distributed power 
dissipation across the surface of the die. This typically produces a near-ideal heat source and lower 
thermal resistance results. Therefore, the die size and temperature distribution of the actual 
(production) device should be taken in to account when making these types of measurements. 
The temperature distribution of the production device can be determined by the use of non- 
contact thermometry methods such as liquid crystal thermography or infrared thermometry. The 
temperature distribution, assuming typical operating conditions, can then be computed based on 
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evidence of hot spots and the resulting temperature distribution across the die. Based on this 
analysis, the thermal properties of the production device can be correlated with those obtained 
with the thermal test die. 


MEASUREMENT ENVIRONMENTS 


When using thermal performance data for semiconductor devices, it is extremely important to 
consider the effects of the environment on the measured or modeled values. To simulate the 
environments devices will encounter in end-use applications, thermal measurements are taken in 
still and moving air environments and at the case (or package body) environment, as explained in 
the following sections. 


Natural Convection (Still-Air) Environment 


Natural convection measurements (8,,) are performed in a chamber which encloses one cubic-foot 
volume of still air. A diagram of a still-air chamber is shown in Figures 16 and 17. The test board 
near the device under test is mounted horizontally (or vertically, if requested) in the chamber, and 
the reference temperatures both inside and outside the chamber are monitored. The device is 

allowed to come to a steady state thermal condition both before and after heating power is applied. 


Forced Convection (Moving-Air) Environment. 


Forced convection (0jy,)measurements are performed in a laboratory wind tunnel, a diagram of 
which is shown in Figure 18. The test boards can be mounted vertically or horizontally, depending 
on the requirement. 


Air speeds of 100 to 1200 linear feet per minute (fpm) are attainable in the tunnel. Air speed is 
monitored using a hot-wire anemometer, which is mounted on an XYZ stage near the device. 


Case Environment 


When taking case (0;,~) measurements, a separate apparatus is required for hermetic versus plastic 
packages. 


6.0 (15.24) 


component 
‘oa on test board \, 


test leads 
J. (e.g, ribbon cable) 
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Figure 16. Side View of the Natural Convection Fixture, Which is Used for Still-Air Tests 
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THERMOCOUPLE 
SUPPORT TUBE 


EDGE CONNECTOR 
MOUNTING HOLE (2X) 
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21552B-020 


Figure 17. Isometric View of the Natural Convection Fixture 


For hermetic packages, a thermoelectric device or cold plate is used to keep the case temperature 
constant during the measurement process. The package is placed against the cold plate and held 
in position with an adjustable clamp. A thin layer of thermal grease is used to thermally contact 
the package to the test fixture. A thermocouple is mounted into the test fixture that comes in 
contact with the package body to allow case temperature measurements. Fixtures for junction-to- 
case measurements are customized for each package style. 


For plastic packages, a temperature-controlled fluid bath containing deionized water is used. Fluid 
is forced onto the package body from both sides from nozzles as shown in Figure 19. Due to the 
high heat transfer capabilities of this method, we assume the reference temperature is that of the 
liquid. This measurement is a relatively new technique that essentially provides the same boundary 
conditions as the cold plate method does for hermetic packages. But, caution should be used when 
attempting to calculate junction temperature from ®j¢ values for plastic packages in end-use 
environments (see the following section on ‘Pyy). 
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Figure 18. Forced Convection Chamber, Which is Used To Conduct Moving-Air Tests 
nozzle outlet plane 


35mm 
fluid in number of nozzles = 25 fluid in 


nozzle diameter = 1mm | | 
pitch between nozzles = 5 mm 
nozzle-to-package distance=5mm_ |: 


test board "lt gevice under test (PQFP) 21552B-022 
Figure 19. Jet Nozzle Impingement, Which is Used For Taking Case Measurements of a Plastic Package 


THERMAL CHARACTERIZATION PARAMETER (‘Y7) 


A new parameter has gained popularity due to the misconceptions arising from using the value of 
Ojo to calculate junction temperatures for plastic packaged devices in end-use environments. This 
parameter is proportional to the temperature difference between the top center of the package and 
the junction temperature, relative to the power dissipation. It is a useful parameter for verifying 
device temperatures in an end-use environment. The sample calculations on page 492 and 493 
provide examples of calculations using this new parameter. 
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THERMAL TEST BOARDS 


Before measuring the thermal characteristics of a semiconductor device, the component is 
assembled onto a test board using industry-standard techniques. The test boards Vantis uses for 
this are standardized to conform with the JEDEDC specification JESD51_3. Two types of test boards 
are commonly used: low-effective or high-effective thermal conductivity test boards. 


Low-Effective Thermal Conductivity Test Boards 


Low-effective thermal conductivity test boards are designed to simulate worst-case board 
mounting. These boards have no internal planes and minimum trace routing. 


High-Effective Thermal Conductivity Test Boards 


High-effective thermal conductivity test boards are fabricated to have two evenly spaced internal 
planes. These boards more closely reflect applications in which ground or power planes are used 
in the PCB. 


For both board types, FR4 is used as the board material, and small gauge wire is used to connect 
the device to the test interface. The board dimensions are 76.2 mm wide by 114.3 mm long for 
packages having body sizes <28 mm. For package bodies 228 mm, the board size is 101.6 mm 
wide by 114.3 mm long. 


6 = 114.3 mm 6 = 114.3 mm 


21552B-023 21552B-023 
Figure 20. Thermal Test Board Design for IC Figure 21. Thermal Test Board Design for IC 
Packages Having Body Sizes Less Than 28 mm Packages Having Body Sizes of 28 mm 


(See Figures 20 and 21). By standardizing the board, the environment for testing is normalized to 
the board size, allowing comparisons between package families or package variations within a 
family. These PCB designs conform to JESD specifications. 
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PRODUCT CARRIERS PER PACKAGE TYPE 


Packing methods for devices have become increasingly important to facilitate automated board 
assembly and optimize packing density. This goal, along with protecting product reliability, drives 
the design concepts behind some of the new packing systems. 


Vantis offers several packing systems for its through-hole and surface-mount products. The table 
lists those systems that are used as a standard. 


Vantis’ packing system designs have kept pace with the sophistication of user needs and product 
sensitivity. This section provides in-depth descriptions of these designs. 


Table 12. Product Carriers for IC Packages 


package Type Packing Container 


Plastic 
! Mini-Q or 1 


> 32 lead 
Tape & Reel (Note 1) Dry pack & reel box 


Tube 2k/4k box 
All others 
Tube Mini-Q or 1Q box 


All leadcounts 


All leadcounts Tray (Note 3) 


Plastic Leaded Chip 
Carrier 


Plastic Small Outline & 
Shrink Plastic Small 
Outlines 


Plastic Quad Flat Pack - 
& Thin Plastic Quad Flat 
Pack 


Plastic Ball Grid Array 
Notes: 


1. Optional; upon request only 


Dry pack & tray box 


Dry pack & tray box 


Tray (Note 3) 


2. Except for the SO 028-lead package, which is not available in tape and reel. 
3. These trays can withstand temperatures of -125 °C to 150 °C. 
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Tubes 


Tubes are used as unit carriers for most of our lower leadcount packages. The product carrier guide 
on the next page shows which package families are shipped in tubes as a standard. 


All of our tubes are made of an antistatically coated PVC to protect product from electrical and 
mechanical damage. The tubes are designed to accommodate packages that are loaded with or 
without unit carriers depending on the package style. Tube sizes are standardized by package type 
to facilitate automated board assembly. 


DEVICE LOADING 


Devices are loaded into tubes, with each device pin one uniformly oriented (only one product date 
code per tube). A variety of end-plug designs, all of antistatic material, secure products in the tube 
and ensure that there is no excessive movement of product in the tube during shipping and 
handling. This protects the mechanical integrity of the package and leads; it also ensures an 
unimpaired dispensing of product for manufacturing operations. 


When the end-plug design is a plastic stopper pin, all devices are loaded so pin one is oriented 
toward the green stopper pin to aid in manufacturing. 


This section includes details about the quantity of devices per tube for each package style and 
leadcount. Vantis encourages but does not require ordering and shipping in full tube quantities. 
Following the quantity tables, dimension drawings for all of our tube sizes (by package type) are 
shown, along with the specific end-plug design used. 3 


Consult your Vantis sales representative for additional information about our tubes. 


Tubes Per Devices Per 
Box Box 
a 


Table 13. Q-Pack Tube and Box Quantity Information 


Devices Per 
Package Leadcount Tube 


090 oe 
PL ; 
, 2 


5 


0 ne 
70 ae 


5 
so «dat i 


5 0 
Notes: 


1. The tubes per box actually reflect the quantity of tubes in a dry pack bag, not the Q-Pack box. The device count per box, however, 
is accurate because four bags of parts are put in the box. 
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2. The tubes per box actually reflect the quantity of tubes in a dry pack bag, not the Q-Pack box. The device count per box, however, 
is accurate because three bags of parts are put in the box. 
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Trays 


Trays are used instead of tubes to protect higher leadcount packages from electrical and 
mechanical damage during handling and shipment. Trays are also suitable for product presentation 
to board assembly equipment. 


All trays are uniformly sized, in compliance with standard JEDEC outlines. As much as possible, 
Vantis procures trays that are made of 25 percent recycled material. The PVC tray material is either 
carbon-filled or antistatically coated. to provide ESD protection. 


Trays for plastic packages can withstand continuous operation at temperatures up to 150°C. 


Packages are placed in the trays so that the device pin one is oriented to the notched corner of 
the tray, enabling pick-and-place equipment setups to be compatible for all packages and 
leadcount. 


For shipment, a stack of six trays are secured with straps; five containing parts and the sixth serving 
as a cover. The diagrams and tables that follow show tray dimensions per package and the 
quantities of parts per tray. 


_ NOTCHED CORNER 


21552B-026 


Figure 22. Five Trays of Product are Stacked for Shipment, With a Sixth Tray Serving as a Cover, and All 
Devices are Uniformly Oriented so Pin One is Aligned With the Notched Corner of the Tray 


502 . Trays 


Table 14. Tray Device Carriers: Full Tray Quantity Information All Applicable 
Packages — Tray and Box Quantities 


Device Trays Devices 
Package Leadcount Per Tray Per Box ! oan a Box 
a 
ra 
6 (Note 1) 
56a 
Plastic Ball Grid Array 
52a 
Note: 


1. In all cases, the top tray is empty, serving as a cover. 


Plastic Quad Flat Pack 


Thin Plastic Quad Flat Pack 
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Dry Pack Protection 


Package cracking can occur when moisture-sensitive product is mounted directly onto a board, 
versus socket mounted, using a high temperature solder reflow process. As moisture in the 
encapsulation material heats and vaporizes, the pressure it creates can result in package cracking 
or delamination. Dry packing product keeps the moisture level in the encapsulation material below 
a critical level, providing you with “solder-safe” packages. 


Product that is dry packed is first baked for 5 to 11 hours, depending on the product, at 125 °C 
and then sealed under a partial vacuum in a moisture barrier bag containing desiccant and a 
humidity indicator card. The bag interior is maintained at a safe relative humidity (RH) level of 
<20%. Once product is removed from the bag, or the bag seal is broken, the product should be 
board mounted within the recommended out-of-bag time (assuming the assumptions about the 
end-use factory environment are reasonably accurate). The out-of-bag time and the factory 
environment assumptions are listed on the dry pack caution label that is applied to the outside of 
every dry pack bag. If the out-of-bag time is exceeded, or the humidity indicator card upon 
opening the bag registers 230% RH, then product should be baked for 24 hours at 125 °C before 
board mounting. The tray in which Vantis ships product can withstand up to 150 °C; however, 
product in tubes or reels must be either put in metal tubes or baked for 192 hours at 40 °C at 5% 
RH. 


Vantis determines the moisture sensitivity of our product by testing them per the JEDEC industry- 
standard A112-A/A113 process. Depending on the results, product classified under one of six 
sensitivity levels, with Level 1 being not moisture sensitive, The sensitivity rating for product is 
indicated on the dry pack caution label on the outside of every dry pack bag. The table lists the 
current sensitivity levels for all Vantis products that are dry packed. 


Table 15. Vantis Moisture Sensitive Products 


Plastic Leaded Chip Carriers (PLCCs) : 

2 ed 
Metric (Note 2) Plastic Quad Flat Packs (PQFPs) 
Tin Plastic Quad Fat ods (OFF 
Smal Outine 60) [sued [dCs 
sti Bal Gri rays BAS 


Notes: 
1, Assumes an end-use factory environment of $30 °C and 60% RH. 


2. Includes PQFP packages denoted internally by Vantis as PQR, PRH, and PQE. 
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Tape-and reel device carriers are available for selected IC packages, as shown in the table below. 
This carrier is designed to protect product from mechanical and electrical damage, and it is suitable 
for device presentation to automatic pick-and-place equipment. 


Tape & Reel: Full Reel Quantity Information 


The tape-and-reel design consists of a pocketed carrier tape which is loaded with one device per 
pocket. Each device is oriented in the pocket so that its pin-one location complies with the 
Engineering Industries Association Standard 481. A protective cover tape is heated-sealed over the 
carrier tape to keep devices in the pockets. The carrier tape is made of conductive polystyrene, 
and the cover tape is antistatic polyester-both of which protect product from ESD damage. 


Once loaded, the tape is wound onto an antistatic plastic reel for packing and shipment. Each reel 
is labeled with a standard inventory label identifying the contents. The number of device per full 
reel are provided in the table shown. 


Cea 


Plastic Leaded Chip Carrier (PL, PLH) 


Plastic Small Outline (SO) 


Thin Plastic Quad Flat Pack (PQL, PQT) 


Plastic Ball Grid Array (BGD) 


Notes: 
1. 300 mm of empty trailer pockets are provided at the beginning of the reel to facilitate feeding the tape into automatic board 
assembly equipment. | 


2. 500 mm of empty leader pockets are provided at the end of the reel. 
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CONTROLLING MOISTURE 


In designing packing materials and packing methods, Vantis is sensitive to the susceptibility of 
some IC packages to moisture-induced damage. The risk of this is highest when plastic 
encapsulation materials are used, as plastic is naturally permeable to moisture. The moisture in the 
package will increase or decrease to reach the Relative Humidity (RH) of the surrounding 
environment. 


Therefore, controlling the moisture level in the package body is critical to reducing the risk of 
moisture-induced damage. Such damage may include delamination between the die and the plastic 
encapsulation material, which may result in open connections due to broken wirebonds. Package 
cracking may also occur when the components are exposed to the high temperatures and steep 
temperature gradients used in reflow board assembly techniques. Moisture in the package rapidly 
heats and vaporizes and, if there is sufficient steam due to the moisture in the package having 
reached a critical level, it will fracture the package to escape. This phenomenon is known as the 
“popcorn effect.” 


TESTING PRODUCTS FOR MOISTURE SENSITIVITY 


To better understand and classify the moisture sensitivity of our products, Vantis has adopted the 
JEDEC test methods A112-A/A113A. These have been adopted by the industry as the standard 
process by which to determine the moisture sensitivity of IC components. 
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JEDEC Test Standard A112-A/A113A 


This test standard (shown on page 507) defines six different moisture sensitivity levels, referred to 
as level 1, level 2, through to level 6. Each higher level denotes a higher level of sensitivity. Product 
that fails the level 1 flow is then tested at a higher level until it passes. Specific process steps in 
each flow subject the product to conditions designed to simulate the environment of an end-use 
application. Subsequent electrical testing and inspection steps determine if the device was 
damaged during the environmental stress steps. 


The only difference between each A112-A/A113A flow is the parameters of the moisture soak step 
(also known as preconditioning). These parameters are designed to allow the component to 
absorb as much moisture as it can given its package size. The purpose of the testing is to determine 
the safe environmental conditions for product exposure. 


Once it is determined that product is moisture sensitive (.e., it fails the level 1 flow), Vantis dry 
packs the product for storage and shipment. This is done regardless of the type of product carrier 
used (e.g., tubes, trays, reels, etc.). Dry packing protects product from environmental moisture by 
maintaining the interior of the dry pack bag at <20 percent RH. 


DRY PACKING PROCESS AND MATERIALS 


The first step in the dry pack process is to remove any moisture buildup in the package by baking 
the finished product for 5 to 15.5 hours, depending on the package type, at 125 °C + 5 °C. While 
baking, the product is contained in device trays (made of material that can withstand the high 

temperature) or aluminum trays or tubes. Within 50 hours after baking, the product is sealed in a 
dry pack bag under_a partial vacuum. The bag is sealed using an impulse heat sealer at a seal time 
of 1.0 to 1.5 seconds; a seal pressure of 40 to 50 psi; and a temperature range of 191 °C to 232 °C. 


Included in the dry pack bag are a prescribed number of humidity indicator cards and desiccant 
pouches, depending on the quantity of devices in the bag. 
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Programming Support & Tools 


| BEYOND PERFORMANCE 


VANTIS APPROVED PROGRAMMERS’ 


For more information on the products listed below, please consult a local Vantis sales office. 


Wed Revision Fin Count 
Advin 


1050-L E. Duane Ave. Pilot-U84 
Sunnyvale, CA 94086 Pilot-U40 
(408) 243-7000 MVP 
www.advin.com 


CP1128 
BP Microsystems BP1148 
1000 N. Post Oak Rd., Suite 225 BP1200 
Houston, TX 77055-7237 
(800) 225-2102 be) 
www.bpmicro.com BP2100 

BP2200 


Data I/O 
10525 Willows Road N.E. 
Redmond, WA 98073-9746 
(800) 426-1045 
www.data-io.com 


HI-LO/Tribal Systems 
44388 S. Grimmer Blvd. 
Fremont, CA 94538 

(510) 623-8859 
www.hilosystems.com.tw 


SMS 


UniSite 
M2900 
M3900 
AutoSite 


(Note 2) 
(Note 2) 


Im Grund 15 Sprint Expert 
D-7988 Wangen, Germany Optima 
011-4975-2297280 Gang Multisyte 


www.sms-sprint.com 


Stag 
Silver Court Watchmead 
Welwyn Garden City 
Herts AL7 1LT, UK 
011-44-1-707-332148 
www.stag.co.uk 


UOIEULOJU] JEAWUDH 


System General 
1603-A S. Main Street 
Milpitas, CA 95035 

(408) 263-6667 
www.sg.com.tw 


Notes: 
1. Vantis does not support or accept rejects programmed on non-approved programmers. 


2. Revision number is based on device type and module type. 


Publication 99DBPROG 
Amendment/0 Issue Date: November 1998 


MACH DEVICE PROGRAMMING UPDATE 


For the most up-to-date information, please visit our Web site www.vantis.com 
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M4-64/32 44 pin PQFP 
M4-64/32 48 pin TQFP 
M4-96/48 100 pin TQFP 
M4-192/96 144 pin TQFP 
M5LV-128/68 100 pin PQFP 
M5LV-128/68 100 pin TQFP 
M5LV-128/74 100 pin TQFP 
MS5LV-128/104 144 pin PQFP 
M5LV-128/104 144 pin TQFP 
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3.35 
3.35 
3.35 
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MACH DEVICE PROGRAMMING UPDATE (CONTINUED) 


For the most up-to-date information, please visit our Web site www.vantis.com 


M5-128/68 100 pin PQ/TQ 
M5-128/104 144 pin PQFP 
M5-128/120 160 pin PQFP 
M5-192/68 100 pin PQ/TQ 
M5-192/104 144 pin PQFP 
M5-192/120 160 pin PQFP 
M5-192/160 208 pin PQFP 
M5-256/68 100 pin PQ/TQ 
M5-256/104 144 pin PQFP 
M5-256/120 160 pin PQFP 
M5-256/160 208 pin PQFP 
M5-320/120 160 pin PQFP 
M5-320/160 208 pin PQFP 
M5-320/184 240 pin PQFP 
M5-320/192 256 ball BGA 
M5-384/120 160 pin PQFP 
M5-384/160 208 pin PQFP 
M5-384/184 240 pin PQFP 
M5-384/192 256 ball BGA 
M5-512/120 160 pin PQFP 
M5-512/160 208 pin PQFP 
M5-512/184 240 pin PQFP 
M5-512/192 256 ball BGA 
M5-512/256 352 ball BGA | 


Autosite Unisite 2900 3900 1128 1200/1400 
MSLV-128/120 160 pin PQFP NA NA 
MSLV-256/68 100 pin PQFP 56x 
MS5LV-256/68 100 pin TQFP NA 5.6x 
MSLV-256/74 100 pin TOFP NA NA NA 
MSLV-256/104 144 pin PQFP A 56x A 
MSLV-256/104 144 pin TOFP A NA NA 
MSLV-256/120 160 pin POFP NA NA 
MSLV-256/160 208 pin PQFP | 58 | SE FS 


Notes: 


1. Entries in this table are minimum required programming algorithm revisions. These revisions or current approved revisions are 
acceptable. 
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2. EV=Engineering version, under evaluation 


3. NS=Not supported due to hardware limitations or marketing considerations; NA=contact Vantis or programmer vendors for 
support information. 


4. x=Programming support on the programmer manufacturer's bulletin board is to be used with indicated revision 
1g 8 1 


5. MACH is a registered trademark of Vantis Corp. 
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6.6.5 10.21 1/93 
6.6.5 10.21 3/91 
6.6.5 10.78C A6/95 
7.8.1 10.85F2 B0/97 
7.6.13 10.85F1 B0/97 
6.6.5 10.21 1/93 
6.6.5 10.75A B5/96 
6.6.5 C/95 
7.1.30 B5/96 
6.6.5 ; 1/93 
6.6.5 1/93 
6.6.5 VA/96 
7.6.13 10.86H A0/97 2.32B 

6.6.5 10.21 B/94 1.5cf 

6.6.5 10.78C A/95 2.21 

6.6.5 10.83B C0/96 2.25¢ | 
7.7.21 10.83B B5/96 2.25¢ 

7.8.1 10.80F 46/95 2.21 

6.6.5 10.65 1/93 1.686 

7.9.4 10.86] B0/97 2.32D 

7.1.30 10.80F AG/95 
7.9.4 10.86) A7/97 
7.9.4 10.85E A0/97 
A5/98 
A5/98 
A5/98 
A0/98 
A0/98 
A0/98 
NA 
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MACH 120 
MACH 130 
MACH 131 


1.5cf 


3.18D 
3.18C 


2.32B 
2.32B 


2.12F 
2.24A 
2.25C 


MACH 211 
10.83B 
10.21 
10.21 
10.38B 


MACH 215 
MACH 220 
MACH 221 3.04 
3,198 

3.17 

3.17 

3.17 

3.17 

3.17 

3.17 

3.19C 

3.17 

3.19C 

3.19D 

3.34D 

3.34D 

3,34D 

3.34B 

3.34B 

3.34B 

3.20] 

3.20P 

3.03A 

3.03A 

3.03C 

3.03A 

3.03A 

3.03A 


2.26 


MACH 230 

MACH 231 

MACH 231/1 

MACH 231SP 

MACH 355 or M4-96/96 
MACH 435 

MACH 436 or M4-128N/64 
MACH 445 

MACH 446 or M4-128/64 
MACH 466 or M4-256/128 
M4-32/32 44 pin PLCC 
M4-32/32 44 pin PQFP 
M4-32/32 48 pin TQFP 
M4-64/32 44 pin PLCC 
M4-64/32 44 pin PQFP 
M4-64/32 48 pin TOFP 
M4-96/48 100 pin TQFP 
M4-192/96 144 pinTQFP 
MSLV-128/68 100 pin PQFP 
MS5LV-128/68 100 pin TQFP 
MSLV-128/74 100 pin TQFP 
MSLV-128/104 144 pin PQFP 
M5LV-128/104 144 pin TQFP 
M5LV-128/120 160 pin PQFP 
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8.10.16 
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B0/98 
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M5LV-256/68 100 pin PQFP 8.10.16 3.03A NA | 

M5LV-256/68 100 pin TQFP 8.10.16 3.03A 
M5LV-256/74 100 pin TQFP N 3.03D 
M5LV-256/104 144 pin PQFP 8.10.16 3.03D 
M5LV-256/120 160 pin PQFP 3.02C 
M5LV-256/160 208 pin PQFP 3.02C 


za 

> > 
2|zZ 
S\E\E 


z= 
> 
Z 
> 


8.10.16 
8.10.16 
8.10.16 
8.10.16 
8.10.16 
8.10.16 
8.10.16 
7.6.13 
7.8.1 
7.7.21 
7.6.13 
7.8.1 
7.8.1 
7.8.1 
7.8.1 
7.8.1 
78.1 
7.8.1 
7.8.1 
7.8.1 
7.8.1 


M5-128/120 160 pin PQFP 3.0B 10.85 
M5-192/68 100 pin PQ/TQ 3.0€ 10.84B 
M5-192/104 144 pin PQFP 3.0€ 10.84B 
M5-192/120 160 pin PQFP 3.0B 10.84B 
M5-192/160 208 pin PQFP 3.0€ 10.84B 
M5-256/68 100 pin PQ/TQ 3.0C 10.84B 
M5-256/104 144 pin PQFP 3.0 10.84B 
M5-256/120 160 pin PQFP 3.0B 
M5-256/160 208 pin PQFP 
M5-320/120 160 pin PQFP 
M5-320/160 208 pin PQFP 
M5-320/184 240 pin PQFP 
M5-320/192 256 ball BGA 
M5-384/120 160 pin PQFP 
M5-384/160 208 pin PQFP 
M5-384/184 240 pin PQFP 
M5-384/192 256 ball BGA 
M5-512/120 160 pin PQFP 
M5-512/160 208 pin PQFP 


10.84B 
10.84B 
10.86) 
10.86H 
10.87C 
3.02C 10.86H 


3.02 
3.02 
3.02 


| 1088 
ise 
| toc 
| esr 
| wacr 
| 1086 
302 
3.026 BOV97 
3.026 
302 
ee 
| 1085 
sc 
| 1086 


M5-512/184 240 pin PQFP 7.8.1 3.02 
M5-512/192 256 ball BGA 7.8.1 
M5-512/256 352 ball BGA 7.8.1 
Notes: 
1. Entries in this table are minimum required programming algorithm revisions. These revisions or current approved revisions are 
acceptable. 


2. EV=Engineering version, under evaluation 


3. NS=Not supported due to hardware limitations or marketing considerations; NA=Contact Vantis or programmer vendors for 
support information. 


4. x=Programming support on the programmer manufacturer's bulletin board is to be used with indicated revision 


5. *=Require use of adapter 
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MACH SOCKET ADAPTERS 


The following sockets are available for adapting MACH products for programming through 28-pin 
DIP sockets on Approved Programmers. 


California Integration 
Package Coordinators, Inc. Emulation Technology, Inc. 


: CIC-44TQ-28D-B6-ENP AS-44-28-01TQ-6ENP-SP 
44-pin TQFP 
CIC-44TQ-28D-A6-BNP AS-44-28-01TQ-600-ENP 
MACH 111SP 
44-pin TQFP CIC-44TQ-28D-B6-ENP AS-44-28-01TQ-GENP-SP 


68-pin PLCC CIC-68PL-28D-A6-YAM AS-68-28-05P-300-YAM 
84-pin PLCC CIC-84PL-28D-A6-YAM AS-84-28-04P-600-YAM 


84-pin PLCC AS-84-28-04P-600-YAM 
84-pin PLCC AS-84-28-04P-600-YAM 
100-pin PQEP AS-100-28-03Q-600 


44-pin PLCC 


MACH 131/1 


MACH 131SP 


AS-44-28-01P-300-YAM 
CIC-44TQ-28D-B6-ENP AS-44-28-01TQ-G6ENP-SP 
CIC-44TQ-28D-A6-BNP AS-44-28-01TQ-600-ENP 
AS-44-28-01P-300-YAM 
CIC-441Q-28D-B6-ENP AS-44-28-01TQ-6ENP-SP 
CIC-44TQ-28D-A6-BNP AS-44-28-01TQ-600-ENP 
44-nin PLCC AS-44-28-01P-300-YAM 
44-pin TQFP CIC-44TQ-28D-B6-ENP AS-44-28-01TQ-GENP-SP 


68-pin PLCC CIC-68PL-28D-A6-YAM AS-68-28-05P-300-YAM 


68-pin PLCC CIC-68PL-28D-A6-YAM AS-68-28-05P-300-YAM 
100-pin PQFP CIC-100QF-28D-A6-YAM AS-100-28-03Q-600 


84-pin PLCC AS-84-28-04P-600-YAM 
84-pin PLCC AS-84-28-04P-600-YAM 
84-pin PLCC AS-84-28-04P-600-YAM 
100-pin PQFP CIC-100QE-28D-A6-YAM AS-100-28-03Q-600 

oprqr 
144-pin PQEP PY AS -144-28-019-600 

84-pin PLCC AS-84-28-04P-600-YAM 
84-pin PLCC AS-84-28-04P-600-YAM 


100-pin PQFP CIC-100QF-28D-A6-YAM AS-100-28-03Q-600 
100-pin PQEP CIC-100QE-28D-A6-YAM AS-100-28-03Q-600 


100-pin TQEP CIC-100TQ-28D-E6-YAM 
208-pin PQEP CIC-208PQ-28D-B6-YAM AS-208-28-02Q-6 
256-ball BGA CIC-256BGA-28D-B6-PLA 


44-pin TQFP 


44-pin PLCC 


44-pin TQFP 


MACH 211SP 


MACH 221SP 
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MACH 231SP 
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MACH 355 or M4-96/96 
MACH 435 

MACH 436 or M4-128N/64 
MACH 445 | 
MACH 446 or M4-128/64 
MACH 446 or M4-128/64 
MACH 466 or M4-256/128 
M4-256/128 


ul 
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Package Coordinators, Inc. Emulation Technology, Inc. 
CIC-48TQ-28D-A6-YAM . 


M4-32/32 or M4-64/32 


100-pin TQFP CIC-100TQ-28D-D6-YAM Rev. 2 fog eet oe el 


CIC-208QF-28D-A6-YAM AS-208-28-04Q-GYAM 
MACHS-192 


160-pin PQEP CIC-160QE-28D-AG-YAM AS-160-28-02Q-600 

100-pin PQFP CIC-100QF-28D-C6-YAM [ee tes ec ae Sl 

100-pin TQEP CIC-100TQ-28D-D6-YAM Rev. 2 rrr 

208-pin PQEP CIC-208QF-28D-A6-YAM AS-208-28-04Q-6YAM 

240-pin PQFP CIC-240QF-28D-A6-YAM fe gt ee ett 

160-pin PQEP CIC-160QF-28D-A6-YAM AS-160-28-02Q-600 | 
MACH5-256 

100-pin TQFP CIC-100TQ-28D-D6-YAM Rev. 2 Pt eee 

208-pin PQFP CIC-208QF-28D-AG-YAM AS-208-28-04Q-6YAM 

240-pin PQFP CIC-240QF-28D-A6-YAM aes 
MACHS5-320 

160-pin PQFP CIC-160QF-28D-A6-YAM AS-160-28-020-600 


CIC-208QF-28D-A6-YAM AS-208-28-04Q-6YAM 
MACH5-384 | 


sepa avasenavamacna 
CIC-208QF-28D-A6-YAM AS-208-28-04Q-6YAM 
MACHS5-512 


160-pin PQEP CIC-160QF-28D-A6-YAM AS-160-28-02Q-600 


256-pin BGA CIC-256SBGA-28D-A6-PLA oe ee ee el 


352-pin BGA CIC-352SBGA-28D-A6-PLA 


Contacts: 


California Integration Coordinators, Inc. Emulation Technology, Inc. 
656 Main Street World Headquarters 
Placerville, CA 95667 2344 Walsh Avenue, Building F 


(916) 626-6168 Tel. Santa Clara, CA 95051-1301 U.S.A. 
(916) 626-7740 Fax. (408) 982-0660 Tel. 
(408) 982-0664 Fax 
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PAL DEVICE PROGRAMMING UPDATE 
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| Sys General 
Logical Devices | HI-LO/ Tribal ADVIN Turpro-1 / FX / 
Stag Quasar AllPro 88 ~—_| ALLO7/Flex700| U40/ U84 


PALCE16V8Z-XX 
PALCE16V8H/Q-XX/4/5 
PALLV16V8-XX 

PALLV 1 6V8Z-XX 
PALCE20V8H/Q-XX/4/5 
PALCE22V10H/Q-XX/4/5 
PALCE22V10Z 
PALLV22V10Z-XX/5 
PALLV22V10 
PALCE20RA10H-XX 
PALCE24V10 
PALCE26V12-XX/4 
PALCE29M16/4 
PALCE29MA16/4 
PALCE610H-XX 


Notes: 
1. Entries in this table are minimum required programming algorithm revisions. These revisions or current approved revisions are 
acceptable. 


2. PAL is a registered trademark of Vantis Corp. 
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SELF QUAL VENDORS 
Advantech Equipment Corp. (Taiwan) B & C Microsystems, Inc. Elan Digital Systems, Ltd. 


Elan House, Little Park Farm Road 
Sagensworth West, Farenham, Hants, 
PO15 5S) 

UK 


7FI, No 98, Ming Chuan Road 846 Del Rey Avenue 
Shin-Tien City, Taipei Sunnyvale, CA 94086 
Taiwan USA 

Tel 011 886-2-2218-2325 Tel (408) 730-5511 


Electronic Engineering Tools ICE Technology Ltd. Leap Electronic Co. Ltd. 


6th FI-4, No. 4, Lane 609 
Chunghsin Road, Sec.5 
Sangchung, Taipei Hsien 


544 Weddell Drive, Suite 6 Unit 4, Penistone Court, Station Buildings 
Sunnyvale, CA 94089 Penistone, S.York $30 6HG 
USA UK 


ef 
Tel (408) 734-8184 Tel 011-44 (0) 1226-767404 kee 


| Tel 011 (886) 2-999-1860 x37 
ee 
1221 South Clarkson Suite 200 33, Rue Gantois 3628 Madison Ave., Suite 5 
Denver, CO 80202 5900 Lille North Highlands, CA 95660 
USA France USA 
Tel (303) 722-6868 x215 Tel 33-03-20-74-6630 Tel (916) 348-6066 


MOP Electronics Ltd. Owen Electronic Gmbh Phyton, Inc. 


Unit 2 Fritz-Wunderlich-Strasse 51 
Park Road Centre Postfach 1104, D-6798 
Makmesbury, Wilts SN16 OBX Kusel, 

UK Germany 

Tel 011-0-1666-825-66 Tel 011-06381-4202-0 


Sunrise Electronics, Inc. 


675 Brea Canyon Road, Unit #6 3444 De La Cruz Blvd. 
Walnut, CA 91789 Santa Clara, CA 95054 
USA USA 

Tel (909) 595-7774 Tel (408) 588-9942 


7206 Bay Parkway, 2nd Floor 
Brooklyn, NY 11204 

USA 

Tel (718) 259-3191 
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| BEYOND PERFORMANCE 


Vantis provides extensive technical support for its programmable logic devices and associated 
software and responds quickly to customers’ technical questions via e-mail, fax or telephone. 
Vantis also provides a worldwide network of applications engineers to provide local support where 
required. 


Vantis provides the following customer support services: 
@ Customer Design Support 

@ Technical Support Hotline 

@ Electronic Mail 

@ World Wide Web Site 


CUSTOMER DESIGN SUPPORT 


Vantis Field and Factory Applications Engineers (FAE) will assist customers with designs to find the 
best solution for customers’ requirements. Please contact a local Vantis sales office for support. 
Vantis FAEs will then work with customers at their company site as needed to reach a satisfactory 
solution. 


TECHNICAL SUPPORT HOTLINE 


US & Canada Phone: (888) VANTIS-1 or (888) 826-8471 O 
Fax: (408) 616-7894 A 
Email: techsupport@vantis.com = 
| S 
UK & Europe Phone: +44-(0) 1276-803285 = 
Fax: +44-(0) 1276-803298 S 

Email: euro.tech@vantis.com 


Customers in the United States and Canada can receive direct technical support for Vantis devices 
and software by calling Vantis Applications at (888) VANTIS-1 between the hours of 8:00 a.m. and 
5:00 p.m. Pacific Time from Monday to Friday. Customers in the United Kingdom and the rest of 
Europe can receive technical assistance by calling +44-(0) 1276-803285, or by contacting their local 
Vantis distributor or sales office. Customers can also fax technical support questions to (408) 616- 
7894. 


ELECTRONIC MAIL 


Customers can use electronic mail (e-mail) to send technical questions about devices and software 
to Vantis Applications at techsupport@vantis.com. Vantis e-mail is checked regularly throughout 

the day and is given the same priority as telephone inquiries. However, because e-mail delivery 

through the Internet can be delayed, either the technical support hotline or fax should be used for 
urgent issues. 


WORLD WIDE WEB SITE 


Vantis provides a Web site for instant on-line access to the latest Vantis product information. The 
site allows customers to browse through Vantis product information and literature and search for 
solutions on technical questions or problems through the Vantis Technical Support’s Frequently 
Asked Questions (FAQs). The Web site also provides the ability for customers to download on-line 
versions of application notes, application briefs, data sheets, and selected software products and 
patches. Access the Vantis Web site at http://www.vantis.com or contact the Vantis Applications 
group at (888) VANTIS-1 for more information. 
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| Hot Socketing and Mixed Supply 
Design with MACH 4 and MACH 5 


| BEYOND PERFORMANCE Devices 


ABSTRACT 


Vantis provides robust and feature-rich I/O structures on its MACH® 4 and MACH 5 families of 
devices. To take advantage of these features, it is helpful to understand the characteristics on 
both a family basis and a technology basis. This technical note will describe two Vantis I/O 
characteristics: hot socketing and mixed supply design as they pertain to the MACH 4 and MACH 
5 families manufactured in Vantis’ 0.50-m (EE6.5) and 0.35-um (EE7) process technologies. 


BACKGROUND 


The Vantis MACH 4 and MACH 5 CPLD families have superior routability, performance, and 
I/O characteristics that make them ideal for today’s complex system designs. The routability 
features include multiple switch matrices, complex macrocell architectures, wide product-term 
allocators, and large numbers of inputs into the arrays. The performance features include fast, 
predictable speeds, power management capabilities, and slew rate control. Detailed information 
about MACH routability and performance can be obtained from the MACH data sheets. 


The I/O characteristics are what really set the MACH 4 and MACH 5 devices apart from all other 
architectures. Some of the advanced features they offer to enhance a system design include Bus- 
Friendly™ latches, hot socketing, mixed supply capability, and PCI compliance. Due to their 
dependence on process technology, hot socketing and mixed supply design capability need 
additional description over that found in the data sheets. 


Vantis has access to world class process technologies. The two process technologies used in the 
manufacture of the MACH 4 and MACH 5 devices are the 0.50-lm Leg process and the 0.35-um 
Lope process. As device feature sizes are reduced, so must the voltage supply because of the 
internal electric fields that are generated across the gate oxides. The 0.50-um process is a 5-volt 
technology, while the 0.35-um process is a 3.3-volt technology. As a result, the designs used in 
the I/O and input buffers will be different and will have somewhat different characteristics. Table 
1 shows which of these process technologies is used to manufacture the MACH 4 and MACH 5 
devices, and what Vcc supplies each can be used with. 


Table 1. Device Process and Supply Reference 


Vec Supply 0.50-um 0.35-uum 


All M4 
5 Volts M5-320,M5-384 
M5-512 


Publication? 22159 Rev: B 
Amendment/0 Issue Date: November 1998 
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HOT SOCKETING 


Hot socketing is a feature that means different things to different designers. There are two 
common scenarios found in hot socketing environments. The first is when a board or device is 
plugged into a system that is already powered-up. The second is a board in a system where the 
board is powered-down while the system is still powered-up and active, and the powered-down 
board or devices continue to be connected to the active nets in the system. Due to design 
differences between the two manufacturing processes, various MACH devices will behave 
differently for each hot socketing scenario. 


In the scenario where a device or board is plugged into an already powered-up system, the 
principal cause for concern is latch-up. When inserting a part or board, it can be several 
milliseconds before all of the required connections have been made, and there is no particular 
order in which those connections are made. As a result, signal pins can be connected and driven 
before either Vcc or ground, and this can lead to latch-up in CMOS devices if they are not 
designed to handle this condition. When a device latches-up, a low-impedance path to ground 
is formed within the device, and the device begins to sink large amounts of current. If the 
situation is not rectified quickly (i.e., by cycling the system power), the device could be 
thermally destroyed, necessitating its replacement. 


In the scenario where a powered-down device is in a powered-up system, the possibility of 
signal disturbance can arise. Signal disturbance takes place when an inactive device affects the 
functionality of active signals. This can happen when the inactive device has a leakage path to 
either Vcc or ground, or when the device is driving the signal line during power-up or power- 
down. All MACH 4 and MACH 5 devices tri-state their I/Os during power-up and power-down, 
and as a result, this is not a concern for bus disturbance. 


Hot Socketing Specification 


The most dangerous of the two hot socketing scenarios takes place when a voltage is placed on 
an input, and the device goes into latch-up as a result. Most devices are designed to prevent 
latch-up from happening when V¢c¢ is at a nominal level such as 5.0 volts or 3.3 volts. When Vcc 
is at 0.0 volts however, the situation is much different in that signals driven into inputs or I/Os 
could potentially force the device into latch-up. The hot socket latch-up current specification in 
Table 2 indicates the amount of latch-up current that MACH devices can tolerate without being 
damaged. This information also appears in the Absolute Maximum Ratings section of the device 
data sheets. 


Table 2. ILypHs Specification 


Parameter | 
Symbol Parameter Description Test Description 


The second of the two scenarios is much less dangerous from both the device standpoint and 
the system design standpoint. When a device no longer has power applied to it yet is still 
connected to active signals and busses, that device should have no effect on the active signals. 
If it does, precautions must be taken to ensure the system will not be adversely affected and can 
tolerate the strong leakage paths. If the system cannot tolerate the influence of the powered- 
down devices, there are design techniques that can be employed to work around the problems. 
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The 5-volt, 0.50-m MACH 5 devices are perhaps the most robust of the devices from the hot 
socketing standpoint. Not only do they meet the requirements for latch-up current, but they also 
have a minimal amount of leakage current when the devices have no power applied. During 
power-up, all of the MACH 4 and MACH 5 devices have their output drivers disabled such that 
the I/Os are in a high impedance state. Because of the design and the process, the 0.50-m 
MACH 5 devices have a leakage current of less than 10 pA when Vcc = 0.0 volts and 0 V < Vpin 
<5.5 V. 


5-Volt, 0.35-um 1/O Buffer Hot Socketing Characteristics 


As with the 5-volt, 0.50-ym devices, the 5-volt, 0.35-1ym MACH 4 and MACH 5 devices also meet 
the requirements for latch-up. These devices are not as robust as the 0.50-m devices when it 
comes to leakage current and source a significant amount of current that must be considered 
when using these devices in a hot socketing environment. During power-up and power-down, 
the output drivers are disabled. However, because of the nature of the 3.3-volt process and its 
design requirements, there is a parasitic diode that becomes forward biased and will source 
current when V¢c is less than 0.7 volts. The I-V curves in Figure 1 show the leakage current that 
can be expected on an input or I/O pin for a typical device when 0 V < Vcc < 0.6 V. Note that 
the differences in I, for 0.4 V < Vcc < 0.6 V are minimal and are represented in Figure 1 by Vcc 
= 0.6 volts. 


5-Voit, 0.50-ym I/O Buffer Hot Socketing Characteristics 


The curves are shown with Vp,y at a maximum value of 3.0 volts. This was done because 
minimum Vy; levels for most devices are 2.0 volts or greater, and 3.0 volts will provide sufficient 
margin. When designing a system which could be affected by devices exhibiting leakage current 
when Vcc = 0 volts, the primary consideration that must be taken into account is the integrity 
of the signal levels and the ability to maintain minimum Vj, levels. Because the leakage currents 
are relatively small for this group of devices, the effects can be overcome with the use of pull- 
up resistors on the signals connected to the MACH device. To have the desired effect, the pull- 
up resistors must be placed at the system level that will remain powered-up rather than on the 
board where the MACH device is located that will be powered-down. The example below shows 
how to select the correct value for a pull-up resistor that will overcome the leakage current on 
a signal which needs to be held high during power-up: 


Example: Vcc =5.0 volts, Vj; Gmin) = 2.0 volts 


at Vie (min) = 2.0 volts and a device Vec of 0.0 volts Cworst case), Ip, = 0.85 
mA then RPU = (Vcc - Vy) / $x = ( V - 2 V) / 0.85mA = 3.53 KQ 


The pull-up resistor needed to maintain signal integrity would have a value of 


3.3 KQ. 
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Figure 1. 5-Volt, 0.35-um Typical Leakage Current Characteristics 
3.3-Volt, 0.35-um I/O Buffer Hot Socketing Characteristics 


The 3.3-volt MACH 4 and MACH 5 devices meet the requirements for latch-up current but are 
significantly worse when it comes to leakage current as shown below in Figure 2. The maximum 
leakage current is nearly 9 mA when V¢c is 0 volts and Vpyy is 3.0 volts. Using the assumptions 
from the example above, the resistor value needed to maintain minimum Vj, levels is on the 
order of 462 Q. This smaller resistor will have an adverse effect on both speed and power 
consumption and should be avoided. The reason for the increased leakage current is a result of 
the need for PMOS transistors in the design of the output buffers to pull the output up to the 
Vcc rail when the pin is driving high. The PMOS transistor creates a parasitic diode that is the 
source of the leakage when Vcc < 0.7 volts. 


Voc = 0.0V 
Voc =9.1V 
Voc = 0.2 V 
Voc = 0.3 V 
Voc = 0.4V 
Voc = 0.5 V 
—_—-- Voco=0.6V 


Vpin (Volt) 


Figure 2. 3.3-Volt, 0.35-~ym Typical Leakage Current Characteristics 
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As a result, the design techniques needed to use the 3.3-volt, 0.35-ym devices in a hot socketing 
environment are somewhat more difficult and costly to implement. One technique is to use 
buffers or FET equivalent switches on the signals connected between the MACH device and the 
system. The drawback to this approach is that additional board space is required and there is an 
additional delay in the speed paths. If board space is not at a premium and speed is not an issue, 
this may be an acceptable option. A second technique that can be implemented is the use of 
hot-socket connectors which keep power and ground supplied to the board until after the signal 
lines have been disconnected. They have longer power and ground pins that guarantee the I/ 
Os are disconnected prior to (for hot removal) or connected after (for hot insertion) the supply 
connections. By doing so, there is no need to first power down a board before inserting or 
removing it from a system. When using this option, it is important for a designer to understand 
exactly how the system will respond in this situation. These techniques, while not optimal, will 
allow the use of these devices in a design requiring hot socketing capability. 


MIXED SUPPLY DESIGN 


As the semiconductor industry migrates from a 5-volt process technology to a 3.3-volt process 
technology, the need to be able to design in a mixed supply environment becomes increasingly 
important. There are four situations to be aware of when designing in such an environment to 
ensure the reliability of all devices. The first is when a 3.3-volt device drives the input of a 5- 
volt MACH device. The second is when a 5-volt MACH device drives the input of a 3.3-volt 
device. The third is when a 3.3-volt MACH device drives the input of a 5-volt device, and the 
final is when a 5-volt device drives the input of a 3.3-volt MACH device. All of the conditions 
are described by the minimum and maximum specifications for Voy, and Vyzy. 


5-Volt Tolerant and 3.3-Volt Safe Specifications 


The specification for 5-volt tolerance deals with the device input levels while 3.3-volt safety deals 
with device output levels. For a 3.3-volt device to be 5-volt tolerant, it must be able to handle 
an input as great as Vcc Gnax) for the 5-volt device when Vcc of the 3-volt MACH device is at 
a minimum. For a 5-volt device to be 3.3-volt safe, its outputs must drive no higher than Vyy 
(max) of the 3.3-volt device when Vcc for the 3.3-volt device is at a minimum and V¢c for the 
5-volt MACH device is at its maximum value. Furthermore, the source current of the pin being 
driven by the 5-volt MACH device should be 0 mA. Additionally, the same 5-volt MACH device 
must meet the minimum requirements needed to reliably interface with devices that conform to 
the TTL level specification. The TTL specification requires that the outputs drive no less than 
the Vy; Gnin) of the 5-volt TTL device when Vcc (5-volt TTL device) is at a minimum and with 
a load current of 3.2 mA. The ideal specifications are given in Table 3, and are derived from the 
requirements needed for both 5-volt TTL and 3.3-volt CMOS devices. The 3.3-volt CMOS 
requirements can be found in the JEDEC LVCMOS specification, JED-8A. The value for Voy 
(max) is given for a 5-volt device driving into a 3.3-volt CMOS device that is operating at its 
minimum Vcc of 3.0 volts. In this condition, the determining factor is set by the CMOS device’s 
Vin Gnax) limit of Voc + 0.3 when V¢c is at 3.0 volts and with no source current. If a nominal 
Vec of 3.3 volts is assumed rather than the minimum Vcc of 3.0 volts, Voy; Gmax) will be 3.6 
volts. The conditions necessary to meet the hot socketing requirements without going into latch- 
up also guarantee the Vy; specifications in Table 3. This includes all of the MACH 4 and MACH 
5 devices. All of these MACH devices will also meet the minimum TTL specification for Voy 
when Vcc = Min and Ioy = -3.2 mA. The following discussions will cover the Voy, maximum 
specification. 
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Table 3. 5-Volt Tolerant/3.3-Volt Safe Ideal Specifications 


Von | Output High Voltage Voec = Min, Ioy = -3.2 mA 


Von Output High Voltage Vcc = Max, Io = 0 mA 
Vu | Input High Voltage Vec = Min 


0.50-1m, 5-Volt Device Mixed Supply Design Characteristics 


The 0.50-um devices were not originally designed to meet the specifications given above, and 
as a result do not meet them. This does not, however, mean these devices cannot be used in a 
mixed supply environment. When V¢c is at 5.25 volts, an output will typically need to source 
less than 25 pA to provide an output voltage of 3.6 volts. Additionally, many systems will not be 
designed to operate at the maximum V¢c of 5.25 volts, but rather will operate at the more typical 
5.0 volts. The design of the output buffer is such that when Vcc drops 0.1 volts, so does the 
output voltage. As a result, a more typical Voy; when Vcc is at 5.0 volts will be around 3.4 volts. 
This ensures that a 5-volt device can drive a 3.3-volt device running at 3.1 volts or greater. 


The 0.50-yam devices were designed such that Voz; will be no greater than 3.3 volts with a source 
current of -3.2 mA when Vcc (min) = 4.75 volts. All of the 0.50-yym devices will meet this 
specification, but are not considered 3.3-volt safe since they do not meet an Io; specification 
which is compatible with CMOS device inputs. These devices are tested to meet a specification 
of Voy = 3.5 volts when Vcc = 5.25 volts and Ipy = -1.5mA. 


An additional measure of safety can be added at the system level by using series current limiting 
resistors on those outputs that are required to be 3.3-volt safe. The series resistor should be no 
less than 150 Q, which will limit the maximum amount of current driven into the 3.3-volt device’s 
input. This also ensures that the current flow into the ESD structure on that input will be less 

than 10 mA, which is considered safe in terms of latch-up current (typically specified at 200 mA). 


0.35-pm, 3.3-Volt and 5-Volt Device Mixed Supply Design Characteristics 


The 0.35-ym, 3.3-volt devices will not have any difficulty meeting the Vo}; (max) specifications 
because their output buffers can only drive up to the level of Vcc. As a result, for the 3.3-volt 
MACH 4 and MACH 5 devices, Voy (max) = Vcc. The design of the 0.35-pm, 5-volt device output 
buffers limits the maximum output voltage to 3.3 volts when Vcc = Max and Io = 0 mA. All of 
the 0.35-um MACH 4 and MACH 5 devices are safe for mixed supply design and can accept 
inputs from or drive outputs to any 3.3-volt or 5-volt device. 


CONCLUSION 


The MACH 4 and MACH 5 devices offer several advanced features that can be invaluable in a 
system design. To take full advantage of these features, the designer must be aware of the effects 
that each feature may have on the system. Because of process and design differences, not all of 
the devices will act in quite the same manner. The classifications for each of the devices are: 


@ 5-volt, 0.50-m MACH 5 devices - M5-128, M5-192, and M5-256 
@ 5-volt, 0.3541m MACH 4 and MACH 5 devices - All MACH 4 devices, M5-320, M5-384, and M5-512 
@ 3.3-volt, 0.35-m MACH 4 and MACH 5 devices - All MACH 4LV and MACH 5LV devices 
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Where hot socketing is concerned, there are differences between all three of the categories that 
the designer needs to be aware of. With mixed supply design, the differences are found between 
the 0.50-ym devices and the 0.35-pym devices and are primarily concerned with Voy; levels. By 
knowing and understanding the differences between the devices, a designer will be able to best 
use the advanced features offered in each. 
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MACH 4 Timing and High Speed Design 


| BEYOND PERFORMANCE 


INTRODUCTION 


When implementing a design into a MACH® 4 device, it is often critical to understand how the 
placement of the design will affect the timing. The MACH 4 device has numerous paths a signal 
can take, each of which affects the timing in one fashion or another. To more accurately describe 
the different paths, the MACH 4 timing model has been enhanced). This application note explains 
the new MACH 4 timing model and high-speed design techniques utilizing this timing model. 


MACH 4 ARCHITECTURE BASICS 


The fundamental architecture of the MACH 4 device consists of multiple optimized PAL® blocks 
(PAL33/34V16) interconnected by a programmable central switch matrix. The central switch matrix 
allows communication between PAL blocks and routes inputs to the PAL blocks. Routability is 
further enhanced by an input switch matrix and an output switch matrix. The input switch matrix 
provides input signals with multiple paths into the central switch matrix; the output switch matrix 
provides flexibility in assigning macrocells to I/O pins. This concept is illustrated in Figure 1. In a 
MACH 4 device, all signals incur the same delays, regardless of routing. Performance is design- 
independent and is guaranteed by Vantis’ SpeedLocking™ feature. 
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Figure 1. MACH 4 Block Diagram and PAL Block Structure 


As indicated in Figure 1, any given macrocell output signal has two different feedback paths into 
the switch matrix. These two paths are referred to as internal feedback and external feedback. 
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1. The new timing model is implemented in MACHXL® software v.6.1 and later. 
2. M4-192/96 and M4-256/128 do not have clock/input pins connected to central switch matrix. 


Publication# TN002-2 
Amendment/0 Issue Date: November 1998 


q 


_A signal uses internal feedback when it is fed back into the central switch matrix without going 
through the output switch matrix and the I/O cell. When a signal is fed back into the central switch 
matrix after having gone through the output switch matrix and the I/O cell, it is using external 
feedback. For simplicity, the output switch matrix and the I/O cell together are modeled as an 
output buffer. Both feedback types are shown below in Figure 2. 
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Figure 2. MACH 4 Signal Feedback Types 
ENHANCED MACH 4 TIMING MODEL 


The primary focus of the MACH 4 timing model is to accurately represent the timing in a MACH 4 
device while, at the same time, be easy to understand. To accomplish the accuracy, the distinction 
between internal and external feedback is made. To make the timing model easier to understand 
and use, the timing is modularized so that each logic element in the signal path will have its own 
parameters. In particular, the new parameters associated with the input register/latch are a result 
of this. A diagram representing the MACH 4 timing model is shown in Figure 3. 
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Figure 3. Enhanced MACH 4 Timing Model 
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Table 1 lists the MACH 4 timing parameters and their descriptions. To understand the new 
timing model and parameters, an understanding of the naming convention is necessary. An “i” 
has been added to all parameters that have delays that are “internal” to the device. Several 
parameters in both the macrocell register and the input register are affected by the change from 
external parameters to internal parameters. Delays for parameters that have an “i” appended to 
them are measured to an internal node rather than to an I/O. Table 2 describes the parameters 
using this convention. 


Table 1. MACH 4 Family Timing Parameters 


Internal combinatorial propagation delay 


Register Delays: tgs Synchronous clock setup time, D-type register 


ts Synchronous clock setup time, T-type register 


tsa Asynchronous clock setup time, D-type register 


tsar Asynchronous clock setup time, T-type register 
ts Synchronous clock hold time 

Asynchronous clock hold time 
tcosi Synchronous clock to internal output 


tppn; | Transparent input latch to internal feedback 
tsrrz Input register setup time - ZHT 


Combinatorial Delay: tppi 


Latch Delays: 


Input Register Delays: 


input Latch Delays: 


Input Register Delays with ZHT 
Option: 


Input Latch Delays with ZHT Option: 
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Table 1. MACH 4 Family Timing Parameters (Continued) 


Output buffer delay 
Slow slew rate delay adder 


Output Delays: 
Output enable time 
Output disable time 
Power Delay: Power-down mode delay adder 
Reset and Preset Delays: Asynchronous reset or preset to internal register output 


tspr Asynchronous reset and preset register recovery time 


Table 2. MACH 4 Internal/External Parameters Description 


Input, I/O, or feedback to feedback 


Product term clock to feedback 


Global clock to feedback 


tspi Asynchronous Reset or Preset to registered or latched feedback 
tgors/A)i Latch gate to feedback 


tppii Input, I/O or feedback to feedback through transparent latch 


Feedback to Output 


Many of the parameters from the original timing model can be derived from the new, modularized 
timing parameters. In the enhanced timing model, these original parameters have been eliminated. 
A list of the eliminated parameters and their derivations is shown in Table 3. 


Table 3. Derivation of Eliminated Parameters 


Eliminated Parameter and its Description 


ticosi * tppii + ‘Bur 
ticosi * tppi + tgur 


ticosi + tsar 


Ucosi + tsst 


tico Input register clock to combinatorial output ticos; + tppi + taur 


tics Input register clock to output register setup, D-type 


tics Input register clock to output register setup, T-type ticosi + tsstr 


tsLLA Setup time from input through transparent input latch to PT output gate tppni t+ tsar 


tppiti * ssi 


tppri + tppii + tgur 


tepu Input, I/O, or feedback to output through input register tppitzi + tpp; + tauF 
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Table 3. Derivation of Eliminated Parameters (Continued) 


To maintain consistency with the timing models of other MACH families, some of the parameters 
have been renamed. In particular, the set/reset parameters, tpp, tppw, and tppr, have been re- 
named to tcp, tspw, and topr. Information about all of the timing parameters can be found in the 
MACH 4 (A) Family Data Sheet and in Table 1. 


Feedback Timing 


In the original MACH 4 timing model, the only feedback path reported in a MACHXL timing report 
was the external feedback path. Signals using internal feedback were reported as if they had gone 
through the external feedback path. As a result, the reported delays for those signals would be 
greater than what would actually be seen in the real device. The new MACH 4 timing model now 
makes a distinction between those signals using internal feedback and those using external 


feedback. 


To make the distinction between internal and external feedback, several timing parameters have 
been changed, and the parameter tpyp has been introduced. All of the changed parameters deal 
with a signal going to the I/O pad. As an example, the parameter tpp was originally defined as an 
input, I/O or feedback going to a combinatorial output. This parameter is now the sum of two 
parameters: tpp; and tgyp. The parameter tpp; is defined as the time it takes an input, I/O or 
feedback to go through a combinatorial path to the internal feedback, while tps is the time it takes 
to go from internal feedback through the output buffer and to the I/O pad. 


Input Register/Latch Timing 


Another area in which the MACH 4 timing model has been improved is in the reporting of input 
register/latch timing. Because there was no mechanism for reporting the internal timing of a MACH 
4 device, the timing used for input registers/latches could become complicated. The specifications 
found in the original MACH 4 data sheets relied on timing that went through both an input register/ 
latch and an output register/latch. As an example, the parameter tico, represented the clock-to- 
output time for a signal to go through an input register to a combinatorial macrocell, plus the time 
it took to go through the combinatorial macrocell and to an I/O pad. This method of determining 
timing was very difficult for the software implementation of the timing model and for designers 
attempting to determine their timing requirements. 


The MACH 4 timing model has greatly simplified the input register timing by reporting all 
parameters as internal feedback. The same parameter, tyco, will no longer exist but rather will be 
calculated as tyco;, the clock-to-internal feedback of the input register, plus a tpp; and a tgup 
Because of this modularized timing model, several of the original input register/latch specifications 
have been eliminated. 
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USING THE MACH 4 TIMING MODEL 


The use of the MACH 4 timing model will be demonstrated using two examples. The first example 
is a combinatorial logic design and demonstrates the use of internal feedback. The second example 
is a synchronous sequential logic design and demonstrates how to calculate fyay. 


Example 1 


This combinatorial logic design is fit into an M4-64/32. A group of input signals are routed to Block 
A, which is in high power mode. Logic is generated in array “A” and allocated to macrocell A5, 
which is configured as a combinatorial path. This logic is sent to pad I/O6, which is configured to 
have a slow slew rate. The signal delay T1 of this path would be: 


T1 = tppi + taur + tsLw 


This logic is also fed back to the central switch matrix via the internal feedback path and then 
routed to Block D, which is in low power mode. A second logic is generated in array “D” using 
the first logic along with another group of input signals. This second logic is allocated to macrocell 
D8, which is configured as a combinatorial path. This second logic is sent to pad I/O31, which is 
in fast slew rate. The longest delay path of this design would be from Block A to I/O31 and the 


delay Terrricay is: 
Toriticat = tppi + tp. + tppi + taur 


The original MACH 4 timing model required an additional ‘BUF be added to the delay path because 
internal feedback was not defined. 


Example 2 


This synchronous sequential logic design has a 16-bit up-counter with load enable and reset. It is 
fit into an M4-96/48 using 16 macrocells configured with T-type registers. Register inputs are 
defined by the device inputs and flip-flop output, which is internally fed back to the switch matrix. 
Under these conditions, the period tcyz is limited by the internal delay from the flip-flop outputs 
through the internal feedback and logic to the flip-flop inputs. 


tent = tcosi + tsst 


The fax is designated “fyyasant-” 


fMaxinT = 1/tont 


Again, the original MACH 4 timing model required an additional tpyp be added to the delay 
path when calculating tcyy7 because internal feedback was not defined. Consequently, fiyax 
was slower. 


The modular approach to the MACH 4 timing model is straightforward, and its use merely requires 
. the addition of internal parameters to arrive at the device timing. 


HIGH SPEED DESIGN WITH MACH 4 DEVICES 


While the possibility has always existed to control the implementation of high speed designs into 
a MACH 4 device, the reporting of the timing never made it easy because no distinction was made 
between internal and external feedback. The improved MACH 4 timing model makes that critical 
distinction, making it easier to understand how a design is fit into a device. 
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During the fitting process, the software may use external feedback on timing critical nodes where 
internal feedback may be required to meet a particular speed. It is also possible that the software 
feeds a signal into either the block or global switch matrices, which will affect timing. Constraints 
can be placed on a design to ensure that the critical paths are fit to meet timing. The more a design 
is constrained, the more difficult it becomes to fit the design. Some methods that can be used to 
constrain a design are briefly covered here and are more fully covered in the MACHXL® User’s 
Manual and the Application Note entitled, PI File Reference Guide. MACHXL software uses the PI 
File to control the fitting process and constrain the design. It contains pinout and placement 
information along with directives that determine the fitting algorithms used. 


Controlling Feedback 


To control the signal feedback path, the PI File directives, FORCE_INTERNAL_FEEDBACK, can be 
utilized. This PI property forces a signal to use an internal feedback path rather than giving it a 
choice of using an external or internal feedback path. By forcing a signal to use internal feedback, 
the delay caused by the output buffer is saved. 


CONCLUSION 


The MACH 4 timing model provides for a more accurate, easier to understand timing calculation. 
It defines both internal and external feedback paths and simplifies the timing used for internal 
registers/latches. By using and understanding the timing model in the proper way, it becomes 


easier to control the critical path timing in a high speed design using the properties in the PI File. 


MACH 4 Timing and High Speed Design 539 


> 
—) 
= 
i 
© 
S. 
° 
5 
= 
° 
o> 
© 
a) 


540 MACH 4 Timing and High Speed Design 


MACH 5 Timing and High Speed Design 


fy VANTIS 


| BEYOND PERFORMANCE 


INTRODUCTION 


When implementing a design into a MACH® 5 device, it is often critical to understand how the 
placement of the design will affect the timing. The MACH 5 device has numerous paths a signal 
can take, each of which affects the timing in one fashion or another.’To more accurately describe 
the different paths, the MACH 5 timing model has been changed. This technical note explains 
the new MACH 5 timing model. 


MACH 5 ARCHITECTURE BASICS 


The architecture used in the MACH 5 family of devices is the next step in the evolution of 
complex programmable logic devices (CPLDs). A CPLD can be viewed as a group of PLDs 
connected together by a programmable switch matrix. The MACH 5 devices take the concept of 
hierarchy one step further by connecting multiple CPLDs together with a programmable switch 
matrix. This concept is illustrated in Figure 1. 


Complex PLD 
Global Switch Matrix 


MACH 5 Device 


TNO03-2-1 


Figure 1. CPLD and MACH 5 Architecture Diagrams 


There are several benefits inherent in the MACH 5 architecture including the ability to attain 
higher densities while maintaining fast speeds. These fast speeds, however, are only available 
on those paths that use local feedback from a block back into itself. If a signal has to go through 
a Block Switch Matrix or the Global Switch Matrix, there is an additional adder to speed. In the 
MACH 1, MACH 2, and MACH 4 devices, where all signals go through the Central Switch Matrix, 
there are no such adders, so the speed for any given path will be SpeedLocked™. 
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Feedback Types 


Any given macrocell output signal will traditionally have two different feedback paths into the 
switch matrix. These two paths are referred to as internal feedback and external feedback. 
A signal uses internal feedback when it is fed back into the switch matrix or block without 
having to go through the output buffer. When a signal is fed back into the switch matrix after 
having gone through the output buffer, it is using external feedback. Both feedback types are 
shown in Figure 2. 


In the previous timing model used for the MACH 5 family of devices, the only feedback path 
reported in a timing report was the external feedback path. Signals using internal feedback were 
reported as if they had used an external feedback path. As a result, the reported delays for those 
signals would be greater than what would actually be seen in the real device. The MACH 5 
timing model now makes a distinction between those signals using internal feedback and those 
using external feedback. 
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Figure 2. Feedback Types 
Input Register Timing 


Another area in which the MACH 5 timing model has been improved is in the reporting of input 
register timing. Because there was previously no mechanism for reporting the internal timing of 
a MACH 5 device, the timing used for input registers could become complicated. The 
specifications found in the original MACH 5 data sheets relied on timing that went through both 
an input register and an output register. As an example, the parameter tjco, represented the 
clock-to-output time for a signal to go through an input register to a combinatorial macrocell, 
plus the time it took to go through the combinatorial macrocell and to an I/O pad. This method 
of determining timing was very difficult for the software implementation of the timing model 
and for designers attempting to determine their timing requirements. 


The MACH 5 timing model has greatly simplified the input register timing by reporting all as 
internal feedback. The same parameter, tyco,q, will no longer exist but rather will be 
calculated as the clock-to-internal feedback of the input register plus a tpp; and a tgyp. The 
parameter tpp; is the time it takes a signal to go through a combinatorial macrocell to internal 
feedback, and tpyp is the time it takes a signal to go through the output buffer. Because of 
this timing methodology, several input register specifications have been removed from the 
MACH 5 data sheet. 
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MACH 5 TIMING MODEL 


The primary focus of the MACH 5 timing model is to accurately represent the timing ina MACH 
5 device while, at the same time, be easy to understand. To accomplish the accuracy, the 
distinction between internal and external feedback is made. To make the timing easier to 
understand, the input register specifications are simplified. A diagram representing the MACH 5 
timing model is shown in Figure 3. 


To make the distinction between internal and external feedback, several timing parameters have 
been changed, and the parameter tpyp has been added. All of the changed parameters deal with 
a signal going to the I/O pad. As an example, the parameter tpp was originally defined as an 
input, I/O or feedback going to a combinatorial output. This parameter is now the sum of two 
parameters: tpp; and tgyp. The parameter tpp; is defined as the time it takes an input, I/O or 
feedback to go to a combinatorial feedback, while tpi is the time it takes to go from feedback, 
through the output buffer and to the I/O pad. The naming convention used for the changed 
parameters is to add an "i" after the original name if the signal is going to the internal feedback 
rather than to the I/O pad. A list of the changed parameters along with their definitions is given 
in Table 1. 
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Figure 3. MACH 5 Timing Model 


> 
x) 
= 
— 
re) 
ane 
oO 
=) 
=— 
oO 
_ 
mM 
7 


MACH 5 Timing and High Speed Design 543 


Table 1. MACH 5 Parameter Description 


Asynchronous Reset or Preset to registered or latched feedback 


Latch gate to feedback 


Input, I/O or feedback to feedback through transparent latch 
Feedback to Output 


The input register in the MACH 5 device is a macrocell register that takes its input from an 
I/O pad rather than from the product term array. As a result, the output timing for an input 
register is the same as that for a macrocell register. Several input register parameters have 
been eliminated from the original MACH 5 timing model and data sheet because they can 
now be derived in the new timing model. Table 2 shows the derivations of the eliminated 
data specifications. 


To maintain consistency with the timing models of other MACH families, some of the parameters 
have been renamed. In particular the set/reset parameters tpp, tppw, and tppr have been renamed 
tO tsp, topw, and topp. Additionally, the latch parameters have been renamed to denote their 
asynchronous nature. The parameters tc,, ty, and tgg have been renamed to tay, tray, and 
tcoa, respectively. Information about all of the timing parameters can be found in the MACH 
5(A) Family Data Sheet and is shown below in Table 3. 


Table 2. Derivations of Eliminated Parameters 


a" a An". 
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Table 3. MACH 5 Internal Timing Parameter Definitions 


Combinatorial Delay: top; 


Register Delays: 


Input, I/O, or Feedback to Combinatorial Feedback 


aa 


Ss Setup Time from Input, I/O or Feedback to Global Clock 


tsa Setup Time from Input, I/O or Feedback to Product Term Clock 


ths Register Data Hold Time Using a Global Clock 


tra Register Data Hold Time Using a Product Term Clock 


tcosi Global Clock to Feedback 


Asynchronous Clock to Feedback 


tcoai 


Latch Delays: tsa Setup Time from Input, I/O or Feedback to Product Term Gate 


tHAL Latch Data Hold Time 


tppii Input, I/O, or Feedback to Feedback through Transparent Latch 


tcoai Latch Gate to Feedback 


input Register Delays: Input Register Setup Time Using a Global Clock 


tsrRS 


torRA Input Register Setup Time Using a Product Term Clock 


tars Input Register Hold Time Using a Global Clock 


tyra Input Register Hold Time Using a Product Term Clock 


Input Latch Delays: Input Latch Setup Time Using a Product Term Clock 


tsip 


tur Input Latch Hold Time 


tppri I/O to Feedback Through Transparent Input Latch 


Output Delays: Feedback to I/O Through Output Buffer 


(Bur 


tsrw Slow Slew Rate Delay 


tea Output Enable Time 


fous 


ER. Output Disable Time 


Power Delays: tpi Power Level 1 Delay 


tpr2 Power Level 2 Delay 


tpr3 Power Level 3 Delay 


Cluster Delay: tpr Product Term Cluster Delay 


interconnect Delays: teik Block Interconnect Delay 


tsEG Segment Interconnect Delay 


Reset/Preset Delays: Asynchronous Reset or Preset to Internal Register Output 


tsRi 


Reset and Set Register Recovery Time 


SRR 


Clock Enable Delays: 


tcEs Clock Enable Setup Time 


tcEH Clock Enable Hold Time 
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USING THE MACH 5 TIMING MODEL 


The use of the MACH 5 timing model will be demonstrated with an example. The example 
includes multiple tpp paths and demonstrates the use of internal feedback. 


Example 


Signal "A" enters the MACH 5-256 through Block A, Segment 0. It then goes to Node "B" in Block 
C, Segment 0 and to Output "C" in Block B, Segment 1. Node B is internally fed back to create 
Output "D" in Block A, Segment 2. Block B, Segment 1 is in high power and Block C, Segment 
0 is in low power. All Outputs are configured to have a fast slew rate. - 


The timing from Signal "A" to Output "C" is given by: 


toeLay = tppi + tseG + teuF 


The tpp; is the time it takes for the signal to go from the input in Block A, Segment 0 to feedback. 
Because the output is in a different segment, tsp is added. Finally, tgyp is added as the time it 
takes to go from feedback to the output. 


The timing from Signal "A" to Output "D" through Node "B" is given by: 


toeLay = tpeLayas + tpELAYBD 
tpELAYAB = tppi + tBLk + tpL3 
tpELAYBD = tppi + tse + tauF 


The delay path from Signal "A" to Output "D" is broken up into two elements. The delay from 
Signal "A" to Node "B", tpr_ayap, includes tpp; for the combinatorial delay to feedback, tpyx 
because Signal "A" and Node "B" are in different blocks inside the same segment, and tpy3 
because Block C, Segment 0 is in low power. The original MACH 5 timing model required an 
additional tpyjp be added to the delay path because internal feedback was not defined. 


The delay path from Node "B" to Output "D", tprraypp, includes tpp; to account for the delay 
from feedback to output, tsz¢g because Node "B" and Output "D" are in different segments, and 
tpup to account for the signal going to the output. | 


The use of the MACH 5 timing model is straightforward and merely requires the addition of 
internal parameters to arrive at the external parameters or device timing. 


HIGH-SPEED DESIGN WITH MACH 5 DEVICES 


While the possibility has always existed to control the implementation of high speed designs 
into a MACH 5 device, the reporting of the timing never made it easy because no distinction was 
made between internal and external feedback. The improved MACH 5 timing model makes that 
critical distinction, making it easier to understand how a design is fit into a device. 


During the fitting process, the software may use external feedback on timing critical nodes 
where internal feedback may be required to meet a particular speed. It is also possible that the 
software feeds a signal into either the block or global switch matrices, which will affect timing. 
Constraints can be placed on a design to ensure that the critical paths are fit to meet timing. The 
more a design is constrained, the more difficult it becomes to fit the design. Some methods that 
can be used to constrain a design are briefly covered here and are more fully covered in the 
MACHXL® User’s Manual and the Application Note entitled, PI File Reference Guide. MACHXL 
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software uses the PI File to control the fitting process and constrain the design. It contains pinout 
and placement information along with directives that determine the fitting algorithms used. 


Controlling Feedback 


Within the PI File, there are two directives available that provide for the control of signal 
feedback. The first of these directives, FORCE_INTERNAL_FEEDBACK, forces a signal to use an 
internal feedback path rather than giving it a choice of using an external or internal feedback 
path. By forcing a signal to use internal feedback, the delay caused by the output buffer is saved. 
The second directive, FORCE_LOCAL_FEEDBACK, forces signals to use a local feedback path 
back into the PAL® block rather than sending the signal into either the block or global level 
switch matrix. By doing this, the block or segment delay adders are saved. 


Grouping Signals 


In the PI file,- MACHXL software provides for the grouping of signals into either the same block 
or the same segment. When signals are grouped into a single block, the chances that those 
signals will be fed back into that block using the local feedback paths increases significantly, 
thereby increasing the chances that the fastest timing possible is attained. Grouping signals does 
not guarantee, however, that local feedback will be used. The use of the 
FORCE_LOCAL_FEEDBACK directive along with grouping signals may be needed to get the 
required timing. : 


Pin and Node Locking 


The third way to constrain a design is to force both pin locations and node locations. By doing 
so, the signals can be grouped within a block or segment, and it becomes easier to enforce local 
feedback on the critical path signals. Information on pin and node locking can be found in the 
MACHXL User’s Manual. 


CONCLUSION 


The MACH 5 timing model provides for a more accurate, easier to understand timing calculation. 
It defines both internal and external feedback paths and simplifies the timing used for internal 
registers. By using and understanding the timing model in the proper way, it becomes easier to 
control the critical path timing in a high speed design using the properties in the PI file. 


MACH 5 Timing and High Speed Design 547 


> 
oO 
= 
— 
a3) 
= 
oO 
a) 
= 
Oo 
_ 
m 
7.) 


548 MACH 5 Timing and High Speed Design 


OEE = MACH 5 Power 


| BEYOND PERFORMANCE 


MACH® 5 devices are designed to optimize speed and power for high-performance, low-power 
designs. In a design file, signals are assigned one of the four power/speed levels. The default 
level is high-speed/high-power. The device can be powered down on a PAL® block by PAL block 
basis, and signals with the same speed/power setting are partitioned into PAL blocks set to that 
power level. 


While most MACH 5 designs will safely operate within any available package, there are some 
designs and system conditions that may generate more heat than a package can reliably 
dissipate. The heat generated is a function of ambient temperature, device current, supply 
voltage, device loading, and output frequencies. 


Power estimation should be done early in the design process. This can then be used to calculate 
heat generation and a package can be chosen accordingly. A design can also be modified to 
reduce power and thus reduce heat generation. There are also other ways to increase heat 
dissipation. 


The formula below is for estimating MACH 5 current consumption: 
loc = Iec(Device) + Iec(DC LOAD) + Ig¢(AC LOAD) 


There are both internal and external Goading) current requirements. 


DEVICE CURRENT COMPONENT 
Device current in milliamps can be calculated with the following formula: 
Ioc(Device) = (KO*BLKp) 9) + (K1*BLKp, ;) + (K2*BLKp) 9) + (K3*BLKp) 3) + (KAC*MC)*Faye 
BLKpjo = Number of PAL blocks in Power Level 0 
BLKp;, = Number of PAL blocks in Power Level 1 
BLKp;2 = Number of PAL blocks in Power Level 2 
BLKpy3 = Number of PAL blocks in Power Level 3 
Favg = Average Output Frequency of Switching macrocells in MHz 
MC = Total Macrocells used in the design 
KO-K3 = Static Power Device Constants listed in Table 1 


KAC = Dynamic Power Device Constant listed in Table 1 
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Table 1. Device Constants 
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MS5LV-320 


M5-384 
M5LV-384 


M5-512 
M5LV-512 


The BLKpjo, BLKpz1, BLKpz2, BLKpz3, and MC variables can be found in the report Crpt) file. 


Below is an excerpt from a report file which shows these variables for a particular design. The 
average macrocell output frequency must be calculated by the designer. 


POWER SUMMARY: 

Number of blocks with power set to LOW is 0 
Number of blocks with power set to MED_LOW is 0 
Number of blocks with power set to MED HIGH is 0 
Number of blocks with power set to HIGH is 16 


DEVICE RESOURCE UTILIZATION: 


Resource Available Remaining 


Clock Pins: 4 4 


I/O Pins: 160 . 0 


Input Regs: 32 
Macrocells: 
Pterms 
1-pt Clusters: 
3-pt Clusters: 
Feedbacks 


Fanouts: 


Intersegment Lines: 
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Icc is linearly affected by temperature. The given formula for typical conditions (16-bit counters 
in each PAL block, 25°C and 5-V Vcc). Temperature, Vcc, and the I¢c¢ increase or decrease are 
shown in Tables 2 and 3. These values are characterized but not tested. 

Table 2. Effect of Supply Voltage on Ic¢c 


Supply Voltage | ine ae M5-320 M5-384 M5-512 
(V) MSLV-320 MSLV-384 MSLV-512 


Table 3. Effect of Ambient Temperature on Icc 


Temperature M5LV-320 M5LV-384 M5LV-512 


LOAD COMPONENT 


Device Ic Is Affected by Temperature and Supply Voltage 


iw “I 
Nn wa 


The AC load current required by capacitive loading is dependent on voltage, capacitance, and 
average output frequency. 


AC Load Component 
No. of I/Os used 
Tec (AC Load) = ¥ F,*C,*(Von- Vou) 


F,, = Output frequency of output 

C,, = Capacitive loading of output 

Voy = Output Voltage High of the output 
Vor = Output Voltage Low of the output 


DC Load Component 
No. of I/Os used 


Tec (DC Load) = Y Vour/Rn 


=] 
Voutn = Output frequency of output 


R,, = Resistive loading of output 
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CALCULATING PACKAGE POWER REQUIREMENTS 


A package must be able to dissipate enough power to keep the internal silicon junction 
temperature below the maximum allowable junction temperature (Tyqyqxy). The following 
formula is used to calculate the maximum power allowable for a particular package. 


Voec*lece S$ (Tumaxy — Ta)/Oua 
Voc = Supply Voltage 


I¢c = Calculated Current 


T'4 = Ambient Temperature 


Oy, = Junction-Ambient Thermal Impedance 


The maximum allowable power for a package is dependent on the thermal resistance of that 
package. Packages with a low thermal resistance are able to dissipate more heat than packages 
with a high thermal resistances. Air flow can also reduce the thermal impedance. Oya is the 
junction to ambient thermal impedance with air flow. 


THERMAL MANAGEMENT OPTIONS 


If an application generates more heat than a package can dissipate, then steps can be taken to 
reduce heat generation such as: 


1. 


Power down additional PAL blocks—Few designs require all signals to run at maximum 
frequencies. The four power/speed options per PAL block allow optimization for the lowest 
power at the highest speeds. 


. Use an external heat sink—The external heat sink will decrease the thermal impedance of a 


package and raise the maximum allowable temperature. 


. Reduce the load on the outputs—In many applications, heavily loaded outputs significantly 


increase power requirements. The Bus-Friendly™ inputs and I/Os do not require external 
resistive loading to float to a known state. Capacitive loading should also be monitored at high 
frequencies. 


. Reduce device utilization—Device current requirements depend on device utilization. 


Lowering utilization will lower the current required. Multi-device partition facilitates this 
process. 


. Choose a package with lower thermal resistances—Packages with a low thermal resistance 


are able to dissipate more heat than packages with a high thermal resistances. 


. Reduce the average output frequency—The average output frequency affects both the 


device and load components of power. Reducing the output frequency will reduce the required 
power. 


. Reduce the number of outputs—Reducing outputs reduces the load current required. Multi- 


device partitioning facilitates this process. 


. Lower Vcc—Use a 3.3-V device instead of a 5-V device. While Ic¢c is nearly identical, the lower 


Vcc results in lower power. 
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EXAMPLE POWER ESTIMATION 


Counters 


The average output frequency of a counter is one-eighth the output frequency of the least 
significant bit (LSB) of the counter. The most power efficient method for implementing several 
high speed counters would place the LSBs in a high speed PAL block and the most significant 
bits (MSBs) in a lower-power PAL block. If all PAL blocks are set to the same power level and 
the Icc vs. frequency is measured, the following formula is used: 


Ic¢c(Device) = BLK+o7*K(x) + KAC*Faye*MCror 


An example of this is for the M5LV-256 device in high-power mode with a 16-bit counter pattern 
per PAL block at a clock frequency of 125 MHz. If positive or negative edge clocking is used, 
then the LSB, will switch at 62.5 MHz, and the average output frequency will be 8 MHz. The 
equation would be as follows: 


loc(Device) = (16)*(12.0) + (0.08)*(8)*(256) = 356 mA 


If under the same conditions, biphase clocking is used, then a 125 MHz clock produces a 125 — 
MHz LSB, and the average output frequency doubles to 16 MHz: 


Ioc(Device) = (16)*(12.0) + (0.08)*(16)*(256) = 520 mA 


To determine if this design will run safely in the 208 PQFP package, the following calculation is 
done: 


Vec'loc* 9a + Ta < 1307 
(3.3)(0.356)(33) + 70 = 108°C <130° 


This design will safely operate in this package. 
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es 1e The Evolution of Bus-Friendly 


| BEYOND PERFORMANCE Inputs and 1/Os 


INTRODUCTION 


Vantis’ PLDs have evolved over time. Like Darwin’s theory of evolution and adaptation, Vantis’ 
PLDs have evolved and adapted to the dynamic world of digital logic. When Vantis’ PLDs were 
first introduced to the market in the mid-1980s, they had different characteristics than the PLDs 
presently in existence. The older devices were larger in size, slower in speed, and hungrier for 
power than their contemporary counterparts. As the computer industry evolved to accommodate 
applications requiring faster, smaller, and lower power devices, PLDs were modified in order to 
accommodate these changes and stay competitive in the PLD market arena. 


DEVICES WITH UNBIASED INPUTS AND I/O 


Originally, Vantis introduced PLDs with unbiased inputs and I/Os which is basically a carry over 
of the bipolar configuration. The circuit configuration is shown in Figure 1 and consists of a 
buffer that is directly connected to the pin pad. 


If the pin is left unconnected, this configuration is termed “floating” because an unused input 
pin is allowed to float to any state, since there is no circuitry that would bias the pin to a known 
state. The consequence in leaving the pin floating is that excessive noise or having a voltage 
near the threshold voltage of the PLD could influence the PLD to produce an unwanted 
oscillatory output.that could disturb the system. In addition, the noise on Vcc will also increase 
due to this oscillation. Figure 2 shows the event of device oscillation due to a noisy input signal 
through an unused input pin. 


Even though it is recommended to tie unused input pins to ground or Vcc, traces must be cut 
on a printed circuit board in order to free the tied pins when changes are made. Unfortunately, 
this poses an inconvenience to the customer. As a result, Vantis decided it was best to modify 
the input and J/O circuitry of all PLD devices. 
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Figure 1. Equivalent Schematic of the Unbiased Input and I/O Scheme 
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Figure 2. Output Oscillation Due to Noisy Input of an Unbiased “Floating” Input Pin 


556 The Evolution of Bus-Friendly Inputs and I/Os 


“Vv 


The improvement was to add a pull-up resistor to the input and I/Os so that if the pins were left 
floating, the device could pull its pin voltage to a known voltage state. Figure 3 shows the circuit 
configuration of the pull-up resistor scheme. 


PULL-UP RESISTOR ENHANCEMENT 


Voc Voc 
> 50 kQ 
| 
l 
| 
I 
ESD Programming . 
Protection _ Pins only Programming Positive Programming 
apd Oe Voltage Overshoot Circuitry 
Clamping Detection Filter 


Typical Input 


Provides ESD 
Protection and 
Clamping 


Preload Feedback 
— Circuitry Input 


Typical I/O 19671C-003 


Figure 3. Equivalent Schematic of Pull-up Resistor Scheme 


_ This scheme consists of a 50 kQ resistor that is connected to a constant current source which is 
used to hold down any excessive current in the event that the 50 kQ resistor is disabled. The 
pull-up resistor scheme pulls the voltage of the pin to about 3.5 V-4.0 V. The 50 kQ resistor value 
is used because this value provides a voltage that is easy enough for another driver to overcome 
when necessary because of the current-limiting effect of the large resistance. 


Even though the pin is pulled to a known state, the pull-up scheme can potentially introduce 

oscillation to a system if the voltage of a tri-state bus is left below the threshold voltage of the 
PLD. The reason for the potential problem is due to the nature of the pull-up resistor within the 
PLD. The internal pull-up resistor is only capable of pulling from a low to a high voltage state. 
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In addition, the slew rate is slow due to the 50 kQ current-limiting resistor. Thus, when a pin 
voltage is left below the threshold voltage of the PLD, the pull-up resistor has no other choice 
but to pull the pin voltage slowly through the threshold voltage region of the PLD. On the 
contrary, if the voltage of the tri-state bus is at a voltage state higher than the threshold voltage 
of the PLD, then the PLD will not exhibit oscillation. Note that if some other device overpowers 
the weak pull-up resistor of the PLD causing the tri-state bus voltage to reside around the 
threshold voltage of the PLD, then device oscillation is also possible. Both the high and low 
tri-state bus scenarios are shown in slew rate curves in Figure 4. 


Vou 
> 
® 
Ss Vr 
Ko) 
S 

VoL 


Time (ns) 


Bus Scenario 


1 = Tri-State Bus left low with Pull-up scheme 
2 = Tri-State Bus left high with Pull-up scheme 
19671C-004 


Figure 4. Slew Rate Comparison of Pull-up Scheme Showing Bus Scenarios 


DEVICE OSCILLATION 


The reason a device oscillates is because of the nature of the threshold voltage of the transistors 
within the input and I/O buffers of the PLD. Typically, the threshold voltage of an input buffer 
is 1.5 V. When a pin voltage is around the threshold voltage, the complementary transistor pair 
does not know whether to switch high or low, thus oscillation is possible at the output. Usually, 
this fickle nature lasts no more than a few nanoseconds; however, for faster systems this can be | 
significant. 


When a large pull-up resistor is used such as those used in the PLD industry, the slow slew rate — 
allows the voltage to reside in the threshold region longer than if a smaller pull-up resistor is 
used. For comparison, Figure 5 shows the difference in the time of oscillation between a 50 kQ 
resistor and a 1 kQ resistor through slew rate curves. 


Because the possibility of device oscillation could occur with the pull-up resistor scheme, 
another scheme had to be implemented. 
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1 = Slew rate of 1 kQ pull-up resistor 
2 = Slew rate of 50 kQ pull-up resistor 
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Figure 5. Slew Rate Comparison Between a 1 kQ and 50 kQ Pull-up Resistor 


BUS-FRIENDLY INPUT AND I/O 


Bus-Friendly™ inputs and I/Os have the ability to hold the input buffer at either a high or a low 
depending on the last state of the pin connected to the bus. The scheme is termed “Bus-Friendly” 
because it allows the bus connected to the PLD to be left at any state (other than the 1.5 V 
threshold voltage of the input and I/O buffers). For PAL devices, the Bus-Friendly scheme is 
accomplished by reconfiguring already existing resources of the pull-up scheme as shown in 
Figure 6. 


In MACH® devices, the scheme is configured slightly differently by having a separate circuit 
perform the “latch” characteristic as shown in Figure 7. 


The Bus-Friendly circuitry pulls the voltage at the input buffer to a TTL voltage high or low. This 
input and I/O scheme is accomplished by a double inverter input buffer which loops back to 
the input of the PLD through a 100 kQ resistor. This configuration acts as a “latch” because it 
holds the pin voltage of the PLD at either a TTL level high or low until the pin voltage of the 
PLD changes state. Bus-Friendly circuitry weakly holds the voltage so that another driver on the 
bus can overcome the voltage when necessary. Please note that the default state of the pin is no 
longer a voltage high but is rather dependent on the last driven state of the pin. Designers who 
need to have the pull-up feature will need to provide an external pull-up resistor rather than 
depend on the pull-up resistor of the PLD. 


The Bus-Friendly scheme provides a solution to the instance where the pull-up scheme could 
potentially cause input buffer oscillation. As illustrated earlier in Figure 4, the pull-up scheme 
cannot resolve the case when the tri-state bus connected to the PLD is left at a voltage below 
the threshold voltage of the PLD. This type of bus scenario promotes undesirable device 

oscillation. The Bus-Friendly idea is an improvement over the pull-up resistor scheme because 
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the Bus-Friendly circuitry does not allow the voltage to cross the threshold region of the PLD, 


thus avoiding the possibility of device oscillation. Figure 8 shows how Bus-Friendly PLDs deal 
with the same bus scenarios that the pull-up resistor scheme did in Figure 4. 


L ° 


100 kQ Voc 


ESD 
Protection 


Typical Input 


Preload Feedback 
== Circuitry Input 19671C-006 


Typical I/O 


Figure 6. Equivalent Schematic of the Bus-Friendly Input and I/O for PAL Devices 


560 The Evolution of Bus-Friendly Inputs and I/Os 


1 kQ 


To Array Logic 


= 19671C-007 
Figure 7. Equivalent Schematic of the Bus-Friendly Input and I/O for MACH CPLDs 
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Figure 8. Slew Rate Comparison of Bus-Friendly Scheme Showing Bus Scenarios 


Note that if another driver on the bus is forcing the tri-state bus to reside in the threshold voltage 
region of the PLD, then no matter what type of input and I/O scheme is used, the PLD can 
oscillate for a few nanoseconds. 


The Bus-Friendly enhancement does not affect the existing DC and AC specifications for both 
the MACH and PAL products which previously had the pull-up resistor enhancement. 
Bus-Friendly was intended to remedy device oscillation without changing any of the device 
specifications. 
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SUMMARY 


Just as the computer industry has evolved, so have Vantis’ PLDs. The input and I/O circuitry of 
Vantis PLDs have changed to accommodate the different applications that have emerged due to 
the evolution of the computer industry. The circuitry has evolved from unbiased to pull-up to 
Bus-Friendly inputs and I/Os. The unbiased inputs and I/Os have disadvantages due to the 
nature of the floating input. When left unconnected, unbiased inputs and I/Os “float” and are 
susceptible to the influence of noise, which can cause the PLD to oscillate. Because of this 
oscillation, the pull-up resistor became the next link in the PLD input and I/O evolution chain. 


The pull-up resistor can bias an unconnected pin to a high voltage state. However, the 
one-dimensional nature of the large pull-up resistor could not avoid device oscillation in 
particular situations. As board designs required the tri-state bus to be left low, the 
current-limiting, internal pull-up resistor would slowly pull the voltage of the pin through the 
threshold region of the PLD, thus causing device oscillation. Because this situation can 
potentially occur in different instances other than the low voltage, tri-state bus scenario, it was 
clear that a new pin bias scheme should be implemented. 


Bus-Friendly inputs and I/Os have the ability to hold the last voltage state of the tri-state bus at 
a discrete TTL voltage level. The advantage of this scheme is that a tri-state bus can be at either 
a high or a low voltage state without having the PLD oscillate. It is because of this feature the 
name “Bus-Friendly” was used to describe this pin bias Scheme: 
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Mixed Supply Design with 


ABSTRACT 


Vantis provides robust and feature-rich I/O structures on members of its MACH® 1 & 2 SP 
families. To make the most use of these features, it is helpful to understand their characteristics. 
This technical note will describe mixed supply design as it pertains to the MACH 1 & 2 SP! 
families. 


MIXED SUPPLY DESIGN 


As more and more devices move from a 5-volt to a 3.3-volt process technology, the need to be 
able to design in a mixed supply environment becomes increasingly important. Interfacing a 5- 
volt device with a 3.3-volt device requires special I/O buffer designs that prevent the 5-volt 
device from damaging the 3.3-volt device either by putting it into latch-up or by putting too high 
a voltage across the gate oxides. When a device latches-up, a low-impedance path to ground is 
formed within the device, and the device begins to sink large currents. If the situation is not 
rectified quickly (i.e., by cycling the system power), the device could be thermally destroyed, 
necessitating its replacement. When excessive voltages are driven across a gate oxide, long-term 
reliability problems could develop. There are two features semiconductor manufacturers 
provide to avoid the problems in interfacing 5-volt and 3.3-volt devices: 


@ 3.3-Volt Safety — The maximum output voltage of a 5-volt device is limited to a level that is 
compatible with 3.3-volt devices. 


@ 5-Volt Tolerance — The maximum allowable input voltage of a 3.3-volt device is such that it is 
compatible with the typical maximum output voltage of a 5-volt device. 


This brief describes 3.3-volt safety in more detail and how the MACH 1 & 2 SP devices can be 
used in environments that require the use of a 3.3-volt safe device. 


3.3-Volt Safe Specifications 


For a 5-volt device to be safe for 3.3-volt devices, its outputs must drive no higher than the Vy,y 
(max) of the 3.3-volt device when Vcc @.3-volt device) is ata minimum, the Voc (-volt device) 
is at its maximum value and the source current of the pin being driven is O mA. Additionally, the 
_ same device must meet the minimum requirements needed to reliably interface with devices that 
conform to the TTL level specification. The TTL specification requires that the outputs drive no 
less than the Vyyq (min) of the 5-volt TTL device when Vcc (5-volt TTL device) is at a minimum 
and with a load current of 3.2 mA. The ideal specifications are shown in Table 1, below. The 

specifications are derived from the requirements needed for both 5-volt TTL devices and 3.3-volt 
CMOS devices. The value for Voy, (max) is given for a 5-volt device driving into a 3.3-volt device 
operating at a minimum Vcc @.0 volts for a 3.3-volt device). In this condition, the determining 


1. The information contained in this technical note pertains to the revision B versions of the MACH211SP and MACH231SP. Revision A material for these devices has 
characteristics similar to those found in the 5-volt M5-128, M5-192, and M5-256 devices. Information about those devices is found in the technical note Hot 
Socketing and Mixed Supply Design with MACH 4 and MACH 5 Devices. The revision information is found after the date code on the package (e.g., 9750 XXX B) 
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factor is set by the Vj; (max) requirements of Vcec + 0.3 with a Vcc of 3.0 volts. All of the devices 
will meet the specification, set by the need to be 5-volt TTL compatible, for Voy Gnin) when 
Vcc = Min and Iopy = -3.2 mA. 


Table 1. 5-Volt Tolerant/3.3-Volt Safe Ideal Specifications 


Von «| Output High [Output High Voltage Voc = Min, Vec= Min, Ion=32mA = -3.2 mA 


aaa Output High Voltage Vcc = Max, Ioyq = 0 mA 


MACH 1 & 2 SP Mixed Supply Design Characteristics 


These devices were not originally designed to meet the ideal specifications given above, and as 
a result do not meet them. This does not, however, mean these devices cannot be used in a 
mixed supply design environment because many designs are not designed to minimum and 
maximum specifications but rather to more typical specifications. When V¢c is at 5.25 volts, an 
output will typically need to source less than 25 WA to provide an output voltage of 3.6 volts. 
Additionally, many systems will not be designed to operate at both the maximum 5-volt V¢c of 
5.25 volts and the minimum 3.3-volt Vcc of 3.0 volts, but rather will operate at the more typical 
5.0 volts and 3.3 volts. The design of the output buffer is such that Voy drops linearly with Vcc 
such that if Vcc drops 0.1 volts, so does Voy. As a result, a more typical Voy, when Vcc is at 
5.0 volts, will be around 3.4 volts. Additionally, the Vy; of a device running at 3.3 volts is 3.6 
volts, which further ensures that a 5-volt device can drive a 3.3-volt device without causing 
damage. 


The specifications for MACH 1 & 2 SP devices stated that at Vcc (min) = 4.75 volts and with a 
source current of -3.2 mA, Voy, will be no greater than 3.3 volts. All of these devices will meet 
this specification, but this specification does not meet the requirements for being safe to drive a 
3.3-volt device. To further ensure that these devices meet a specification which can be 
considered safe, they are tested to meet a Voy, of 3.5 volts when Voc = 5.25 volts and log = - 
300 WA. The MACH 1 & 2 SP test specifications are shown in Table 2 


Table 2. MACH 1 & 2 SP 3.3-Volt Safe Vo, Specifications 


Parameter 
aia Parameter peor oaag Test err aaa! 


Von «| Output [Output High Voltage Voltage Voc = Min, Vec=Min,Ion=32mA | = -3.2 mA 


Additional safety can be included as a part of a system design either by using series current 
limiting resistors or by using bleeder resistors to ground. The series resistor will be placed 
between the MACH device and the 3.3-volt device and should be no less than 150 Q which will 
limit the maximum amount of current which could be driven into a pin and through the ESD 
structure to less than 10 mA. This current value is almost always considered safe in terms of 
latch-up specifications that are typically on the order of 200 mA into a pin. If a 12 KQ resistor 
to ground is used, it will guarantee that Voz; does not go above 3.6 volts when Vcc of the MACH 
device is at 5.25 volts. 
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The MACH 1 & 2 SP devices offer several advanced features that can be invaluable in a system 
design. To take full advantage of these features, the designer must be fully aware of the 
characteristics of the features in each of the device types. The mixed supply design capability is 
a feature that allows for advanced system design using parts from different technologies but 
requires an understanding of the specifications needed for a 3.3-volt safe design in terms of Vcc 
and Voy levels. In all situations, MACH 1 & 2 SP devices can be used in these designs given the 
proper design techniques and considerations. 


CONCLUSION 
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INTRODUCTION 


During the initial stage of system design, the power requirements for the system are considered. 
To estimate the system power, the power of each active subsystem must be calculated. When 
the subsystem is a printed circuit board, the power estimation for the subsystem is the sum of 
the power of each device. To facilitate the process of calculating power, all devices provide 
graphical or algebraic methods to estimate power. FPGAs are no exception, but they do provide 
special complexity. FPGAs can implement an indefinite amount of logic designs. Therefore, 
estimating the power of each design is as unique as the design. In this application brief, a 
method to estimate the VFI™ FPGA power is presented. 


POWER DISSIPATION 


The two components to power in semiconductor devices is static and dynamic power. Static 
power occurs during inactive device periods whereas dynamic power occurs during active 
device periods. Stated in equation form: 


ProtaL = Pstatic + Poynamic 


Static power is a function of the static leakage current which a device dissipates. During an 
inactive period, a device connected to supply and ground has biased internal nodes. Parasitic 
junctions inherent to internal nodes become active during this period drawing leakage current. 
Hence, static power follows the equation: 


Pstatic = Vcc Sloc 


Conversely, dynamic power is not a function of leakage current; it is a function of dynamic 
internal and output switching. Dynamic internal and output switching both charge and discharge 
capacitive loads. Internal switching charges and discharges internal node capacitors whereas 
output switching charges and discharges external load capacitors. In either case, current is drawn 
and dissipated. In equation form: 


Poynamic = Pint + Pout 


Note that output nodes can have internal pull-up resistors or latches to maintain known states 
during output tristate. The internal pull-ups or latches also contribute to the total power 
consumption and are included in output power. Moreover, the complexity of calculating PINT 
and POUT require separate sections for the calculation of each. 
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INTERNAL POWER DISSIPATION (Piy7) | 


The internal power dissipation of a device is a result of charging and discharging of internal 
nodes. However, the multiple designs which can be implemented into FPGAs have varying 
quantities of nodes. This variance provides a unique dilemma: how to produce an estimate for 
internal power? The method which the FPGA industry has adopted is to generate power data 
from FPGAs saturated with 16-bit counters. The data is used to determine the power factor Kpwe 
which is used in the following internal power equation: 


Pint = Kpwr Voc Fax Nope T rate 


Where: Kpwr = VF1 FPGA Power Constant (A/Hz) 
Vee = Supply Voltage (V) | 
Fuax = Maximum Clock Frequency (Hz) 
Ncpp = Total Number of VF1 FPGA Configurable Building Blocks Used 
TRATE: = Average Number of Internal Nodes Toggling at a Given Clock 


(20% for most designs; 12.5% for 16-Bit Counters) 


noe 


Output Power Dissipation (Poy7) 


Output power dissipation is a function of capacitive load, supply voltage, output switching 
frequency, and the quantity of outputs switching at a given time. Stated mathematically: 


n 
2 
Pout = »y CiV; F; 
i=1 


Where: C; = Output Capacitive Load (F) 
V; = Output Voltage Swing (V) 
F; = Output Switching Frequency (Hz) 
n = Total Number of Outputs 
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The implication of the previous equation is that every output needs to be analyzed to calculate 
the output power. For a simpler estimation, the following simplifications can be made. 


C; = Cayg = Average Output Load Capacitance (F) 

V; Vo = Output Voltage Swing CV) 

F; = 1/2 Fags = Average Output Switching Frequency (Hz) 

n = Nou * Trte = (Total Number of Outputs) * (Percentage of Outputs 


Switching at a Given Time) 


The simplifications result in the following equation: 


Pout = 1/2 Cavg Vee Fax Nout Trate 


EXAMPLE 


For an example, consider a 32-bit counter running at 50 MHz and driving a 32-bit bus loaded 
with 30 pF. The target device is a VF1025. The capacity needed for this design is 32 CBBs and 
the toggle rate is 6.25%. Using this information, the internal and external power estimates are 
calculated below. 
Internal Power: Pint = Kpwr Vcc FMax Ncpp TRATE 

= (7E-12 A/Hz) 3.3V) (SOE+6 Hz) (2) (0.0625) 


= 2.31 mW 


Output Power: Pour = '/2 Cave Vo Be Noe Toe 
= 1/2 30E-12 F) (3.3V)* (SOE+6 Hz) (32) (0.0625) 
= 16.34 mW 


Total Power: Pror = Pstanic + Poynamic 

= Pstanic + Pinr + Pour 

= 0+2.31 mW + 16.34 mW 
= 18.65 mW 


SUMMARY 


Power estimation during the initial phase of system design must be calculated to determine 
whether system power constraints are satisfied. To calculate the system power, each individual 
device must provide a method to calculate power. For VF1 FPGAs, a method for calculating the 
total power dissipation has been provided. A designer should use this approach as an 
approximation. Actual power consumption will ultimately depend on the unique | 
implementation of a design into a VF1l FPGA. 
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INTRODUCTION 


Configuration is the process of loading a VF1™ FPGA with a pattern that defines its applications 
identity. Because the VF1 family uses SRAM configuration memory, configuration must be 
performed every time the device is powered up. Configuration may also be done at any time that 
the system designer determines that configuration is needed. 


The configuration program is a bitstream generated by Vantis DesignDirect™ place-and-route 
software. The bitstream is stored in either a host system or in a serial PROM (SPROM). It is 
downloaded from the host system or SPROM whenever the VF1 FPGA is powered up or whenever 
the host system initiates the configuration process. 


Configuration Overview 


Designers have a wide selection of configuration modes that may be used to configure a VF1 FPGA 
from either a host system or SPROM (Figure 1). If a VCM (Vantis Configuration Memory) SPROM 
is used, the VF1 FPGA will automatically read its configuration program from the SPROM whenever 
power is applied. A host system, on the other hand, configures the VF1 FPGA under the control 
of the host system, and may reconfigure the VF1 FPGA at any time. 


Host System or 


SPROM 


Figure 1. FV1 Device Configuration 21552B-001 


The Vantis VF1 FPGA family supports configuration via the JTAG boundary-scan port as well as 
via a dedicated configuration port using non-JTAG modes. In this discussion, the non-JTAG modes 
will be covered first, followed by the JITAG mode. 


The basic configuration modes are listed below and are described in detail in a following section. 


@ Master serial mode. In this mode, the Master VF1 FPGA is loaded automatically from a com- 
panion SPROM whenever power is applied to the VF1 FPGA or when the PROGRAM pin is 
pulsed. The VF1 FPGA controls the entire configuration process. Multiple VF1 FPGAs may be 
configured in this mode with the first device configured as a Master, and subsequent devices 
configured as Slaves. 


@ Slave serial mode. With the exception of JTAG mode, which is described later, slave mode is 
used whenever a VF1 FPGA is not controlling the configuration process. Usually, slave-mode 
devices are the second and subsequent VF1 FPGAs when multiple devices are daisy-chained for 
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21552B-Oconfiguration. VF1 FPGAs may also be configured in Slave mode whenever a host sys- 
tem loads the devices serially and controls the configuration process. 


@ Asynchronous peripheral mode. This mode is used to transfer configuration data a byte at 
a time from a host system to a VF1 FPGA. The VF1 FPGA provides the configuration clock. The 
host system monitors a status line to determine when another byte of data can be transferred. 
The first device in a chain is configured in Asynchronous Peripheral mode and subsequent de- 
vices are configured in Slave serial mode. 


@ Synchronous peripheral mode. This mode is similar to asynchronous peripheral mode in 
that a host system transfers a byte of configuration data at a time, but the host system provides 
configuration clocks. The VF1 FPGA receives the byte of configuration data, serializes is, and 
stores it in configuration memory. The first device in a chain is configured in Synchronous Pe- 
ripheral mode and subsequent devices are configured in Slave serial mode. 


@ JTAG mode. JTAG Mode allows a host system to configure VF1 FPGAs via the VF1 JTAG port. 
When this mode is used, all VF1 FPGAs in a chain are configured in JIAG mode. 


Configuration Program 


The configuration program is developed using Vantis’ DesignDirect software (Figure 2). Designers 
select the configuration mode that will be used for their applications and the DesignDirect software 
generates a bitstream in the appropriate format for that specific mode. 


Simulation, 
Synthesis Tools 


EDIF 
Netlist 


VF1 
DesignDirect 
Software 


Configuration 
Bitstram 


Figure 2. Configuration Program Development 21552B-002 
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With the exception of some header information, the configuration bitstream is the same regardless 
of the configuration mode used. The bitstream consists of a header; length count; multiple data 
frames, each with its own CRC for error detection; and a postamble (Table 1). 


Table 1. Bitstream Format 


Fibs i 


Number of frames for each device type: 


VF1012=430 VF1020=546 VF1025=604 
Data frame(s) VF1036=720 


su CS~idOSSSSSSSS 


Note: | 
The total number of bits required to configure a VF1 FPGA depends on the capacity of the device (Table 2). 


Table 2. VF1 FPGA Configuration Bits 


VF1 FPGA Configuration Bits 


Non-JTAG Overall Timing/Signal Functions 


A relatively small number of signals perform the most important configuration functions in non- 
JTAG configuration modes. Figure 3 is a generic configuration diagram showing the key signals 
used to interface a VF1 FPGA to either a host system or an SPROM. Other signals take part in 
various modes (Appendix A, Tables Al and A2), but the signals shown in Figure 3 and the general 
timing diagram in Figure 4 are common to all non-JTAG configuration modes: 


1. PROGRAM. A low-to-high transition on the PROGRAM pin starts the configuration sequence. 
2. M[2:0]. Three mode pins select the VF1 configuration mode. 


3. INIT. The INIT signal is pulled low during VF1 initialization prior to configuration, is released 
during configuration, and is pulled low if a bitstream error occurs during configuration. INIT is 
an open drain signal that requires a pull-up resistor tied to Vcc. 


4. DONE. The DONE signal goes low during initialization and stays low until the VF1 FPGA is 
fully configured. DONE is an open drain signal that requires a pull-up resistor tied to Vcc. 


5. CCLK. In Master mode and Asynchronous Peripheral mode, the VF1 FPGA generates its own 
configuration clock. In these modes, CCLK is an output. In Slave serial mode and Synchronous 
Peripheral mode, the CCLK configuration clock comes from some other source. In these cases, 
CCLK is an input. 
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6. DIN[7:0]. Configuration data is received on the data in CDIN) pins. In serial configuration. 
modes, all data is received on DIN 0, commonly referred to as DIN. In Synchronous and Asyn- 
chronous peripheral modes, data is received in bytes on DIN 0-7. 


7. DOUT. VF1 FPGAs may be daisy chained for configuration, with all devices configured from a 
common source. In this case, the lead VF1 FPGA configures itself first and passes subsequent 
configuration data to the devices that follow via the DOUT pin. The DOUT pin is connected to 
the DIN pin of the following device. 

8. RDY/BUSY. BUSY. When the VF1 FPGA is in one of the Peripheral modes, host systems monitor the 
RDY/BUSY signal to determine when the device is ready to receive another byte of configura- 
tion data. 


9, RDY/BUSY BUSY (DIN7). Instead of monitoring the RDY/BUSY pin, a host system can read the 
RDY/BUSY status by monitoring the DIN7 pin. 


10.HDC, LDC. Two status signals, HDC (high during configuration) and LDC dow during config- 
uration) may be monitored during the configuration process. Once configuration is completed, 
the status of these pins is defined by the configuration pattern and they become user I/O pins. 


Mode Pins 


MO M1 M2 
DOUT 


PROGRAM 


Figure 3. Common Non-JTAG Configuration Signals 21552B-003 


Mode Selection 


Three multiplexed mode-select pins, M[2:0], determine which mode will be used to configure a 
VF1 FPGA. Mode signals must be set up before power is applied to the chip and must remain 
constant until the VF1 FPGA completes the initialization process (while INIT is low). Mode signal 
setup is usually accomplished by tying the mode pins.to the appropriate logic level via pull-up or 
pull-down resistors. Using resistors rather than tying the signals directly to VCC or GND frees the 
mode pins for use as I/O pins or ne the configuration process. Table 3 lists the pin assignments 
for each mode. 
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Table 3. Configuration Mode Selection Pins 


Initialization 


Figure 4 shows the timing relationships that exist between key signals during configuration of a 
VF1 FPGA, and Table 4 lists specific timing values for each VF1 family member. Initialization begins 
whenever there is a low-to-high transition on the PROGRAM pin, or when power is applied to the 
device. When PROGRAM goes low, the VF1 FPGA clears configuration memory and waits for 
PROGRAM to go high. When PROGRAM goes high, several events occur: 


1. The VF1 configuration memory is reset again. 

2. The VF1 INIT pin goes low while the device initializes itself for the configuration process. 

3. The VF1 examines the mode pins M[2:0] to determine the configuration mode that will be used. 
4 


. The DONE pin goes low, signaling that the VF1 FPGA must be configured. It stays low until the 
configuration process is completed. | 
5. The INIT pin goes high when initialization is complete and the VF1 FPGA is ready to receive 
configuration data. 


When the VF1 FPGA is configured from a companion SPROM such as the Vantis Configuration 
Memory (VCM), the DONE and INIT signals control the operation of the SPROM, as explained in 
the Master serial mode description that follows. When a host system configures the VF1 FPGA, 
DONE and INIT provide status information for the host. 
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DONE 


21552B-004 
Figure 4. General Configuration Timing Characteristics 
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Table 4. General Timing Specifications 
[Parameter «Symbol Yin MSS 
All Configuration Modes 
M[2:0] Setup Time to INIT High 
M[2:0] Hold Time from INIT High 


PROGRAM Pulse Width Low to Start 
Reconfiguration 


DONE or INIT Response Time to PROGRAM 


tsMODE (Note 2) 500 
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INIT Timing 
INIT High to CCLK Delay 


Slave Serial 
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Synchronous Peripheral 


Master Serial 
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Initialization Latency 

12K: Master Serial 
Other Modes 

20K: Master Serial 
Other Modes 

25K: Master Serial 
Other Modes 

36K: Master Serial 
Other Modes 
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Power-On Reset Delay 
Master Serial 
Other Modes 
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Configuration Latency 
12K: Master Serial 
Other Modes 
20K: Master Serial 
Other Modes 
25K: Master Serial 
Other Modes 
36K: Master Serial 
Other Modes 
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Notes: | 
1. All timing values are based on 1K pullup and 35 pF loading on open-drain outputs INIT and DONE. 
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2. In the case of Master mode, the minimum setup time is 500 ns to INIT High of Slave mode. 
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Configuration Program Transfer 


Once it is initialized, the VF1 FPGA reads configuration data from an SPROM or a host system. The 
following sections describe specific methods used to transfer data. 


Table 1 describes the format of the configuration bitstream. A header is read first, followed by a 
bit count of the configuration program. If two or more VF1 FPGAs are configured in a daisy chain, 
the bit count includes the total of all configuration programs contained in the bitstream. 


The bit count is loaded into a register in the VF1 FPGA. Even before the bit count is loaded, the 
VF1 FPGA begins counting every clock pulse on the CCLK pin. CCLK clocks may be generated 
internally in a VF1 FPGA (Master serial and Asynchronous peripheral modes) or may be received 
from some other source (Slave and Synchronous peripheral modes). Regardless of the source, 
every clock is counted and the count used to determine when configuration is complete. Since the 
VF1 FPGA reads one bit of data on each clock pulse, the clock pulse count corresponds to the 
number of data bits read by the device. 


The VF1 FPGA loads configuration data a frame at a time. When the number of bits transferred 
matches the bit count that was read from the bitstream, the VF1 DONE signal goes high, signaling 
an end to the configuration process. In addition, either of the two status signals, HDC and LDC, 
may be used to monitor the configuration process to determine when the VF1 FPGA is ready to 
process meaningful data. 


Error Detection 


During configuration, a VF1 FPGA checks CRC bits frame-by-frame to detect bitstream errors. If no 
errors occur, a high on the DONE pin signals the successful completion of the configuration __ 
process. If DONE is low, indicating that configuration did not complete successfully, the INIT 
signal may be sampled to help determine the reason. For example, a high INIT may indicate the 
VF1 FPGA was under-clocked, while a low INIT points to a bitstream error during configuration. 


Configuration does not automatically begin again when an error occurs. The PROGRAM signal 
must be pulsed low to restart the configuration process. | 
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JTAG Considerations in Non-JTAG Configuration Modes 


Vantis VF1 FPGAs support JITAG boundary scan testing (IEEE STD 1149.1, IEEE standard test access 
port and boundary scan architecture). In addition to specifying industry-standard testing 
procedures, the IEEE specification gives manufacturers the ability to use JTAG ports for other 
purposes as well. VF1 FPGAs support both board level and device testing using JTAG, and provide 
a means for configuring VF1 FPGAs via the JTAG port. JTAG configuration is covered in a 
subsequent section of this document. This section discusses precautions that must be taken when 
using JTAG testing and non-JTAG configuration. 


JTAG boundary scan instructions can control VF1 FPGA I/Os during JTAG testing. In normal mode 
(after completion of configuration), this does not create a problem because all JTAG instructions 
are supported. The problem may arise during non-JTAG mode configuration when DIN, DOUT, 

CCLK, INIT, and DONE are sending out or receiving configuration handshaking signals. 


The JTAG instructions INTEST, EXTEST or HI-Z, if executed during non-JTAG configuration, the 
outputs in the boundary scan register may corrupt the configuration process by overriding the 
configuration signal. Because of this probable conflict, the INTEST, EXTEST, and HI-Z instructions 
should not be used during non-JTAG mode configuration. 


When the VF1 FPGA first powers up, its JTAG engine is initialized at TEST LOGIC RESET until Vec 
reaches 2.7V and the VF1 internal power-up reset signal is released. This prevents the execution 
of any JTAG instructions. All the I/Os that are not used for configuration come up in 3-state mode 
with pull-ups. The boundary scan registers do not control the I/Os at this time. 


After the power-up reset delay runs out, the VF1 begins its initialization in preparation for 
configuration. At this point, it is possible to start running BYPASS and instructions other than 
INTEST, EXTEST, and HI-Z. 


When using non-JTAG configuration and JTAG boundary scan testing, you can handle potential 
conflicts in one of two ways: 


1. Delay boundary scan testing until VF1 configuration is complete. The advantage of this ap- 
proach is that all JTAG instructions for testing the VF1 FPGA are supported. The disadvantage 
is that the configuration process uses some board interconnections (those that interface the VF1 
FPGA to its configuration source) before they are tested. 


2. Use boundary scan to test board-level connections before configuring the VF1 FPGA, and use 
other JTAG tests following configuration. This approach allows board-level connections to be 
verified prior to configuration and chip functionality to be tested following configuration. How- 
ever, it is a little more complex to implement than the first alternative. 
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Delay Boundary-Scan Testing 


Delaying boundary-scan testing until VF1 configuration is complete is simple: monitor the VF1 
DONE pin to ensure that configuration is complete before initiating any testing. The testing can 
begin as soon as the DONE pin goes high. 


Be careful during boundary scan testing to ensure that testing does not re-trigger the configuration 
process. If the test process loads a “0” on the VF1 PROGRAM pin, a low-to-high transition will 
occur on the pin when testing is complete and the pin is allowed to go high again, thus initializing 
the VF1 and triggering a new configuration cycle. To avoid this problem, load a “1” on the i 
PROGRAM pin to ensure that the signal remains high during boundary scan testing. Safe state 
information for the PROGRAM pin is included in the BSDL files for the VF1 FPGAs. 


Boundary Scan Testing Before Configuration 


Executing the JITAG boundary scan instructions prior to configuration allows board traces to be 
verified before they are used in the configuration process. To do boundary scan testing before 
configuration, follow these steps: 


1. Hold the VF1 PROGRAM pin low after power-up, thereby holding the VF1 in the WAIT state 
and delaying initialization. 


2. Perform boundary scan testing. After boundary scan testing is completed, set the JIAG engine 
to TEST LOGIC RESET. At this point, the boundary scan registers no longer control the I/Os. All 
the I/O’s not used for configuration go into 3-state mode again, just as they were before the 
boundary scan test. 


3. Toggle the PROGRAM pin to high to start initialization and configuration. 


4. Once the VF1 FPGA is configured, additional JTAG tests may be conducted, provided care is 
taken to ensure that the PROGRAM pin is held high throughout the testing process. 
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Master Serial Mode 
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Master serial mode is most often used to configure VF1 FPGAs automatically on power up (Figure 
5). Figure 6 and Table 5 show timing information. In this mode, the VF1 FPGA is connected to a 
VCM SPROM. On power up, or on command from a host system, the VF1 FPGA reads its 


configuration program from the VCM SPROM. 


Note: 
1. The VCM SPROM RESET polarity must be programmed for OE high and RESET low. 


A simple four-wire interface connects the VF1 FPGA with the VCM SPROM: 
@ The VF1 DIN pin connects with the VCM SDATA (Serial data) pin. 

@ The VF1 CCLK pin connects with the VCM SCLK (Serial clock) pin. 

@ The VF1 DONE pin connects with the VCM CS (Chip select) pin. 


@ The VF1 INIT pin connects with the VCM OE (Output enable) RESET (Reset) pin. 


If the PROGRAM pin is tied to Vcc, configuration starts automatically on power up. If PROGRAM 
is not tied to Vcc, the host system must cause a low-to-high transition on the PROGRAM pin to 


initiate the configuration process as described earlier. 
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Figure 5. Master Serial Mode 
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Figure 6. Master Serial Mode Timing Relationships 
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Table 5. Master Serial Mode Timing Values 


Master‘Serial Mode | Symbol [| Min |_—Max__—|_—Unit_— 
DIN Setup Time 


When the INIT pin goes high, the transfer of the configuration bitstream from the VCM SPROM to 
the VF1 FPGA begins. A low on the VCM CS and a high on its OE/RESET pins cause the VCM to 
place the first bit of the configuration bitstream on its SDATA pin. The VF1 FPGA reads this bit on 
the rising edge of the first CCLK clock pulse. The same CCLK pulse signals the VCM to increment 
its internal address counter and place the second bit on the SDATA pin. This process continues 
until the configuration process is completed or is interrupted. 


Slave Serial Mode 


The primary difference between Master mode and Slave mode is the CCLK signal. CCLK is an input 
for VF1 FPGAs in Slave mode while it is an output in Master mode. Slave serial mode is used to 
configure VF1 FPGAs in daisy chains that are headed by Master devices (Figure 7), or when directly 
configured in serial mode by a host system (Figure 9). They may also follow Asynchronous 
Peripheral Mode devices (Figure 12) or Synchronous Peripheral Mode devices (Figure 10) in daisy 
chains. Figure 8 and Table 6 show Slave mode timing. 


The Master-driven Slave serial mode is covered first, followed by Host-driven Slave serial mode. 
Other uses are covered in subsequent sections. 


Master-Driven Slave Serial Mode 


Figure 7 shows three VF1 FPGAs reading their configuration data from two SPROMs. The first VF1 
FPGA in the chain is configured in Master mode while the second and third devices are configured 
in Slave mode. 


The overall function of Master-driven slave serial mode is straightforward. The Master device reads 
the configuration bitstream from the SPROMs and configures itself. Once it is configured, it puts 
overflow configuration data on its DOUT pin where it is read by the first Slave VF1 FPGA. The first 
Slave device configures itself, and then puts overflow configuration data on its DOUT pin where 
it is read by the second Slave device. This process continues until the Master and all Slave devices 
in a chain have been configured. The following paragraphs describe the process in more detail. 
Note: 

Two SPROMs are shown in Figure 7. A single VCM (Vantis Configuration Memory) SPROM with a 1 Mbit memory capacity can hold 
the configuration programs for two VF1025 or VF1020 devices, four VF1012 devices, or one VF1030 device, as explained in the Van- 
tis Configuration Memory data sheet. When the configuration program exceeds the capacity of one VCM SPROM, two or more may 


be cascaded to provide the necessary storage capacity. Refer to the Vantis Configuration Memory Data Sheet for details on how to 
cascade VCM SPROM devices. 
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The interface between the Master VF1 FPGA and the SPROMs is identical to that described in 
Master serial mode, above. The Master VF1 controls the configuration process by controlling the 
CCLK configuration clock 
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Figure 7. Slave Serial Mode, Master-Driven 
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Table 6. Slave Serial Mode Timing Values 
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The DONE and INIT signals of all three devices are tied together to ensure that the configuration 
process does not begin until all VF1 FPGAs have completed the initialization process. The INIT 
signal is applied to the OE/RESET input of both SPROMs, while the DONE signal is applied to the 
CS input of the first SPROM only. The first SPROM’s CASOUT (Cascade out) ee is applied to 
the CS input of the second SPROM. 


The CCLK clock output from the Master VF1 is applied to the SCLK inputs of both SPROMs and to 
the CCLK pins of the Slave VF1 FPGAs. 


The SDATA outputs of both SPROMs are tied together to provide a common DIN data input to the 
Master VF1 FPGA. The DOUT output pin of the Master device is applied to the DIN of the first 
Slave device, and the DOUT output of the first Slave is applied to the DIN input of the second 
Slave device. The same connections are used for any subsequent Slave devices in the chain. 
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When the INIT signal goes high, configuration proceeds as described in Master serial mode, with 
the following additions and exceptions: 


1. The bit count that the Master device reads early in the configuration cycle is a count of the com- 
plete bitstream, including the configuration programs for all VF1 FPGAs in the chain. 


2. All VF1 FPGAs receive every CCLK clock pulse and begin counting pulses with the first pulse 
received. The pulse count, therefore, will be the same in each VF1 FPGA throughout the con- 
figuration cycle. 


3. The Master VF1 FPGA reads the header bytes and configuration bit count from the SPROMs, 
stores the bit count, and passes the information on to the first Slave VF1 FPGA via the Master's 
DOUT pin. The header and bit count are delayed by 1.5 clock cycles as they pass through the 
Master VF1 FPGA. 


4. Once the header and bit count have been transmitted, the Master VF1’s DOUT pin goes high 
and remains high until it is ready to transmit configuration data to the first Slave VF1 FPGA. 


5. The first Slave VF1 FPGA reads the header bytes and bit count, stores the bit count in its internal 
counter, and passes the same header and bit count on to the next Slave VF1 FPGA. The Header 
and bit count are delayed by an additional 0.5 clock cycle as they pass through the first Slave 
VF1 FPGA. Once the header and bit count have been transmitted, the first Slave VF1’s DOUT 
pin goes high and remains high until it is ready to transmit configuration data to the second 
Slave VF1 FPGA. 


6. The second and subsequent Slave VF1 FPGAs read the header and bit count and store the bit 
count in their internal counters. 7 


7. Following receipt of the header and bit count, the Master device receives configuration frames 
from the SPROM, performs a CRC check on each frame, and uses these frames to configure it- 
self. 


8. Once the Master VF1 is fully configured, it sends subsequent configuration frames to the first 
Slave device via the Master’s DOUT pin. The start bit of the first configuration frame that the 
Slave device sees causes the Slave device to receive the frame, perform CRC checks, and use 
the frame data to configure itself. The Slave device continues to receive and store frames until 
it is fully configured. 


9. When a Slave device is fully configured, it sends subsequent configuration data to down-stream 
Slave devices via its DOUT pin. This process continues until all Slave devices have been con- 
figured. 


When the final Slave device is fully configured, the bit counter in each VF1 FPGA should match 

the bit count that was received from the SPROM early in the bitstream. When the counts match, 

all VF1 FPGAs will allow their DONE outputs to go high, thus signaling the end of the configuration 
process and removing the CS signal from the SPROMs. At the same time, the VF1 FPGA I/O pins 
are enabled and the FPGA begins to perform the functions that are defined by the configuration 
bitstream. 


Error Detection 


Each VF1 FPGA checks incoming configuration frames for errors as it receives them. If any VF1 
FPGA detects a bitstream error, it pulls its INIT signal low, terminating the configuration process. 
Just as in Master serial mode, a pulse on the PROGRAM pins of all devices restarts the configuration 
process. : 
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Host-Driven Slave Serial Mode 


A system designer can eliminate configuration SPROMs from a system by loading VF1 FPGAs Aor 
a host system (Figure 9). Configuring VF1 FPGAs from a host system allows the host to precisely 
control the configuration process, and to reconfigure the VF1 FPGAs in the system at any time. 


The configuration diagram shown in Figure 9 is similar to the Master-driven slave serial mode 
described above, with these differences: 


1. The SPROMs are replaced by a host system. 

2. All VF1 FPGAs are configured in Slave mode, with no Master mode device in the chain. 
3. The host system provides the configuration clock for all VF1 FPGAs in the chain. 

4. The host system controls the PROGRAM signal. 
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Figure 9. Slave Serial Mode, Host-Driven 
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The configuration process is similar to the Master-driven Slave serial mode with these exceptions: 


1. The host system initiates configuration by the by pulsing the PROGRAM signal low. Even on 
power up, the VF1 FPGAs waits for the host system to initiate configuration. 

2. The VF1 DONE and INIT signals provide status information to the host system. Host systems 
may also monitor the VF1 HDC (High during configuration) and LDC (Low during configura- 
tion) status signals during the configuration process, but the states of HDC and LDC are unde- 
fined following configuration. — 


Byte-Wide Data Transfers 


Two configuration modes, Synchronous Peripheral mode and Asynchronous Peripheral mode, 
support byte-wide data transfers between a host system and VF1 FPGA. 


When a VF1 FPGA receives a byte of configuration data, it serializes the byte and processes it as 
if it were received serially. Byte-wide transfers, therefore, offer another design alternative but not 
a means of speeding up the configuration process. 


Synchronous Peripheral Mode 


In Synchronous Peripheral mode, the host system sends byte-wide configuration data and the 
configuration clock (CCLK) to the VF1 FPGA. The VF1 FPGA receives the byte-wide data on its 
DIN 0-7 pins. If there are two or more VF1 FPGAs in a daisy chain, the first is configured in 
Synchronous Peripheral mode and all subsequent devices in Slave mode (Figure 10). Figure 11 and 
Table 7 show timing information. 


Configuration proceeds as follows: 


1. The host system initiates the configuration process by pulsing the VF1 PROGRAM pin low. 
2. The first data byte is clocked into the VF1 FPGA on the rising edge of the second CCLK pulse 
after INIT goes high (Figure 11). Bytes are then clocked in on every eighth CCLK pulse. 


3. The VF1 RDY/BUSY signal acknowledges the loading of the byte by going high for one CCLK 
period on the same clock that loaded the byte. 


4. To complete the shifting of the last byte into configuration memory, the host system must con- 
tinue providing CCLK pulses after the last byte is loaded. One way to do this is to continue 
providing CCLK pulses until the DONE pin goes high. 

5. In daisy-chain configurations, the first VF1 FPGA in the chain loads itself and then presents serial 
data on its DOUT pin. The data appears on DOUT 1.5 CCLK cycles after it is loaded in parallel, 
which means that DOUT changes on a falling CCLK edge and the next VF1 FPGA loads data on 
the next rising edge. 
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Table 7. Synchronous Peripheral Mode Timing Values 


Asynchronous Peripheral Mode 


In Asynchronous peripheral mode, a host system sends a byte of configuration data to a VF1 FPGA, 
or to the lead VF1 FPGA in a daisy chain (Figure 12). The VF1 FPGA receives the byte and 
generates its own clock to serialize the configuration data. The VF1 RDY/BUSY signal provides 
handshaking between the host system and the VF1 FPGA. 


> 
a a} 
= 
ro o 
© . 
: =. 
OQ 
_ 
= 
>) 
on 
Mm 
: (Fo) } 


VF1 FPGA Configuration Guide | 589 , 


MO Mi M2 


VF1 
ASYNCHRONOUS — 
PERIPHERAL 


Host System 


DOUT CCLK 


CCLK 
DONE 
INIT 


PROGRAM 


DIN O 


VF1 SLAVE 


Figure 12. Asynchronous Peripheral Mode 21552B-012 


590 | VF1 FPGA Configuration Guide 


+ — ts —— = — tH tr BUSY “> “> teusy 


t 


tausy <—_—__»>=—» twrusy 


RDY/BUSY 


-CCLK x / \ / \ / \ 


DOUT PREVIOUS BYTE D7 { DO X DI X D2 ) 


Figure 13. Asynchronous Peripheral Mode Timing Relationships 
21552B-013 


Table 8. Asynchronous Peripheral Mode Timing Values 
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Four signals control the writing of byte-wide data into the lead VF1 FPGA: WS (write select), CSO 
(chip select 0), RS (read select), and CS1 (chip select 1). As stated earlier, RDY/BUSY provides 
handshaking. Figure 12 shows signal connections while Figure 13 and Table 8 show timing 
relationships: 


1. As in all other non-JTAG modes, configuration is initiated by pulsing the VF1 FPGA(s) 
PROGRAM signal low. The VF1 DONE and INIT signals provide initialization and configuration 
status information to the host system. 


2. When the VF1 FPGA is ready to receive a data byte, its RDY/BUSY signal goes high. 


3. The host system places the data byte on the VF1 DIN 0-7 pins, usually via a microprocessor bus. 
The host selects the VF1 FPGA by setting CSO low, CS1 high, and RS high. The host then pulses 
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WS low. The VF1 reads the data byte on the rising edge of the WS pulse. The VF1 uses both a 
holding register and a shift register for data bytes. A byte is received in the poe register and 
transferred to the shift register when the shift register is empty. 


4. When the VF1 reads the byte, the RDY/BUSY signal goes low. The VF1 FPGA transfers the byte 
from the holding register where it was received into a shift register where the byte is serialized 
for VF1 configuration. 


5. The RDY/BUSY signal goes high again when the VF1 is ready to receive another byte. If the 
shift register is empty when the holding register is loaded, the byte is transferred on the next 
clock and the RDY/BUSY signal goes high immediately. If the shift register is not empty, the 

- RDY/BUSY signal stays low until the shift register is empty and the byte waiting in the holding 
register is transferred. 


The designer can eliminate one status line by monitoring the RDY/BUSY signal on the 
microprocessor bus rather than at the RDY/BUSY output on the VF1 FPGA. Enabling the chip 
selects (CSO low and CS1 high), and selecting read mode (WS high and RS low) places the 
RDY/BUSY status on the VF1 DIN7 pin. 


JTAG Mode 


In JTAG mode, VF1 FPGAs are configured via the JTAG pins TCLK, TMS, TDI, and TDO (Figure 
14). Figure 15 and Table 9 show timing information. Three instructions in addition to the standard 
JTAG instructions support JTAG the configuration mode: 


@ PROG_MODE. This instruction places the VF1 FPGA in programming mode. Scan cells control 
the VF1 I/Os during this instruction. 


@ PROGRAM. Once the VF1 FPGA is in programming mode, the PROGRAM instruction shifts con- 
figuration data into the VF1 FPGA. Scan cells control VF1 I/Os. 


@ VERIFY. After configuration this instruction is used to read back all configuration, VGB and 
I/O flip-flops, and embedded SRAM bits in the device. 


A host system such as a microprocessor controls the configuration of the VF1 FPGA or devices and 
supplies configuration data. The host also provides the configuration clock TCLK. 


If two or more VF1 FPGAs are to be configured, they are arranged in a daisy chain. Data is applied 
to the TDI pin of the first device and the TDO pin of that device is connected to the TDI pin of 
the next device. The TMS and TCLK signals from the host are applied to all VF1 FPGAs in parallel. 
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Table 9. JTAG Mode Timing Values 


[Tas ode | symbol_[ Win | Max [Unt 
ITMS HoldTineromTCK | y 


TCK to TDO Delay 
TCK Frequency 


DONE and INIT 


During non-JTAG configuration the INIT pin is an open-drain status pin that can be used to delay 
the start of configuration when it is driven low. In JITAG mode, however, this pin may be driven 
low or HIZ by the boundary scan register when executing PROG_MODE or PROGRAM instructions 
and override the non-JTAG functions of the pin. 


To avoid having the boundary scan settings interfere with configuration, driving the INIT pin low 
in JTIAG mode has no effect on holding off configuration. Therefore, the rules for using DONE and 
INIT when configuring two or more VF1 FPGAs are different in JTAG mode than in non-JTAG 
modes: 


@ Tying INIT pins together during JTAG configuration mode is not allowed. © 
@ Tying DONE pins together in JTAG configuration mode is not allowed. 
Configuration 


The JTAG state machine automatically goes to TEST LOGIC RESET upon power up. Execution of 
JTAG configuration instructions can start after a time delay of tpo+ty, (see Figure 4) when Vcc 
reaches 2.7 volts. This time delay period guarantees that the configuration memory is initialized. 
JTAG configuration uses the following instruction flow and pin settings: 


1. Settings during power-on reset are PROGRAM = High. MO=1, M1=0, M2=0. VF1 I/O pins will 
come up in 3-state mode except INIT and DONE. 


2. After Voc=2.7 volts, wait until Tpo+Til time limit has passed. 
3. Apply SAMPLE/PRELOAD instruction to load the UPDATE registers in the boundary scan cells. 


4. Apply PROG_MODE instruction. At this point, VF1 I/O pins, including INIT and DONE, are con- 
trolled by boundary scan cells. 

5. Apply PROGRAM instruction. At this point, VF1 I/O pins, including INIT and DONE, are con- 
trolled by boundary scan cells. 

6. Go to RUN TEST IDLE. Wait 1 msec. 

7. Shift in configuration data by applying TCLK clocks. The total number of t,x, = Total number 


of bits in the bitstream. Following the shifting in of all configuration data, VF1 cells will be in 
the modes defined by the configuration program. 


8. Exit PROGRAM instruction and go to TEST LOGIC RESET. 


9. When the first VF1 FPGA is configured, put it in BYPASS. If a second VF1 FPGA is to be con- 
figured, put any intermediate system devices in BYPASS and configure the second VF1 FPGA. 
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Put the second VF1 FPGA in BYPASS. Continue this process until all VFl FPGAs have been con- 
figured. 


10.The DONE pin may optionally be sampled to confirm successful configuration. If DONE is high, 
configuration was successful. If DONE is low, an error occurred or the device was not com- 
pletely configured. Configuration must be repeated. 


Vantis Programming Software 


Vantis offers VantisPRO™ programming software that provides for the configuration, 
reconfiguration and readback of VF1 FPGAs using the JTAG mode. Given the configuration of the 
JTAG chain the VF1 FPGA is in, and the name of the bitstream file, the software can configure the 
VF1 FPGA through the parallel port on a personal computer. Additionally, the software can also 
be used to generate the files necessary to configure the VF1 FPGAs using automated test 
equipment such as full-scale board test systems or JTAG test equipment. VantisPro can generate 
configuration files for the HP3070, Teradyne test systems and Genrad test systems. Also, it 
generates the Serial Vector Format (SVF) files commonly used by JTAG test equipment software. 
The SVF files contain a simple instruction set that tells the hardware the state the JTAG state 
machine should be in and the data that should be shifted into or out of the part(s). 


Vantis also offers a version of VantisPRO software that can be used by an embedded 
microprocessor to configure the devices in the JTAG mode. This software uses a compressed form 
of the SVF file generated by VantisPRO software to configure or readback a device. Information 
about VantisPRO software can be found in the separate document entitled, MACH ISP Manual. 


Readback 


The VF1 readback capability allows designers to read the configuration program back from the 
VF1 FPGA and compare it with the program that was written into the device. During configuration, 
a VF1 FPGA is set for one of three possible readback options: 


@ Read Disable (the default state). No readbacks are allowed. 
@ Read Once. One readback is allowed, then readbacks are disabled. 
@ Read on Command. Unlimited readbacks are allowed. 


The readback selection is made when the DesignDirect software prepares the configuration 
pattern. During design development, the Read on Command option is normally used. In 
production systems, the Read Once option may be used if a host system will verify configuration, 
or the Read Disable option may be used if the VF1 configuration error detection logic is deemed 
adequate for reliable operation. 


Readback Data 


During readback, configuration data is read along with the data in the VF1 internal registers so that 
the Readback bitstream is not identical to the original bitstream in those particular locations 
reserved for the registers’ internal nodes. In addition, the fill bits, preamble, length counter, and 
postamble are not read. DesignDirect software provides a mask that allows the readback data to 
be compared with the original bitstream, or to allow the content of internal registers to be 
separated from the configuration bitstream for analysis. | 
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The VF1 family provides two readback methods: 
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@ JIAG readback. Configuration data is read via the JTAG port using JIAG commands (Figure 
14). This method is available following either JTAG or non-JTAG configuration. JTAG readback 
can be accomplished using the Vantis programming software described earlier. 


@ Non-JTAG readback. Configuration data is enabled with the RTRIG pin and read from the RDO 
pin (Figure 16. Figure 17 and Table 10 show readback timing information. This readback 
method is enabled only after non-JTAG configuration. 


RTRIG > <4 RDO 


vee VF1 


PROGRAM 


Figure 16. Non-JTAG 21552B-016 


Non-JTAG Readback 


Non-JTAG readback is enabled following any non-JTAG configuration modes (Master Serial, Slave 
Serial, Asynchronous Peripheral, and Synchronous Peripheral), provided one of a readback option 
was selected when the configuration bitstream was generated. 


@ Apply a low-to-high edge on RTRIG pin and hold RTRIG high. 
@ Apply four dummy clocks to the CCLK pin. 


@ Subsequent CCLKs clock out configuration data on RDO. The number of clocks required is: 4 
dummy CCLKs + [1 CCLK + Total # of bits in a Frame + 3 CCLKs] times the number of Frames. 


@ Non-JTAG Readback can be halted by setting RTRIG pin low and after three positive CCLK 
edges. 


@ Start bits and stop bits are read as “Don’t cares.” 


Figure 17. Non-JTAG Mode Readback Timing Values 


21552B-017 
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Table 10. Non-JTAG Readback Timing Values 


CCLK Frequency 
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APPENDIX A 


Configuration Signals 


Table 11 describes the functions of all configuration signals. Table 12 summarizes the signals used 
in each configuration mode. The individual mode descriptions that follow describe how the signals 
are used in each mode. 


Table 11. Configuration Signal Descriptions 


MO/RTRIG Three multiplexed 1/0 pins that select the configuration mode. During configuration, these pins are input pins and are 
M1/RDO sampled right after initialization to determine the configuration mode. Once configuration is complete, MO and M1 can be used as 
RTRIG (Read trigger) and RDO (Read data out) for non-JTAG read-back. 


A dedicated input pin that initiates configuration. A low level clears the configuration memory and puts the VF1 FPGA into a 
WAIT state. The MODE pins are sampled. A low-to-high transition clears the configuration memory once more and starts the 
configuration process. If this pin is high during power up, the device will skip the WAIT state after clearing the configuration memory 
and will go directly into configuration mode. 


A multiplexed, open-drain I/O pin that indicates initialization status. A low INIT when PROGRAM is high indicates 
initialization is not complete and the device is not ready to receive data for configuration. A high INIT (when DONE is low) indicates 
that initialization is complete and no configuration bitstream errors have occurred. For non-JTAG configuration modes, holding the 
INIT pin low externally will delay configuration. 


A dedicated open drain pin that signals when configuration is done. A low output indicates the VF1 FPGA is in conieiraion 
mode. A high output indicates configuration is done and all the I/Os are enabled for normal operation. For non-JTAG configuration 
modes, enabling of all the I/Os in different devices can be synchronized by tying all the DONE pins together. Enabling the 
synchronization capability is the default condition, but can be disabled by the configuration bitstream. | 


A dedicated 1/0 pin for configuration clock input or output. In the Master and Asynchronous peripheral modes, this pin is 
the clock output from an internal oscillator. In the Slave mode and Synchronous Peripheral mode, this pin receives a clock from the 
Master VF1 FPGA or from a host source. In Master serial mode, this signal clocks data from a companion SPROM such as a VCM 


SPROM. 


A multiplexed 1/0 pin to pass configuration data from the first VF1 FPGA in a chain to subsequent devices. During 
configuration, this is an output pin for sending overflow configuration data to daisy-chained devices. 


Seven multiplexed I/O pins for byte-wide data input. During Synchronous and Asynchronous Peripheral modes, these input 
DIN[7:0] pins receive parallel configuration data. During non-JTAG serial modes, DINO functions as the data in (DIN) pin. 

A multiplexed 1/0 Ready/Busy status pin. This pin indicates when it is appropriate to write another byte of configuration data 
RDY/BUSY into the VF1 FPGA during Peripheral mode configuration. 


TDI, TCLK, and TMS are dedicated input pins; TDO is a dedicated output pin. These pins are used for JTAG boundary scan 
TDI, TCLK, TMS, TDO functions and for programming VH1 devices in JTAG mode. 


Multiplexed 1/0 pins used in Asynchronous Peripheral mode. These four pins are used for controlling configuration data_ 
entry in Asynchronous Peripheral mode. A write cycle is initiated by simultaneously asserting CS0, CS1, and WS, and deasserting RS. 
A low to high transition on CSO or WS or a high to low transition on CS1 or RS loads the data on DIN[7:0] into the VF1. 


a ee fone A low on RS and high on WS while CSO and CS1 are asserted changes DIN7 into a status pin that outputs the same signal as the RDY/ 
CSO, CS1, WS, RS BUSY pin. 


A multiplexed 1/0 status pin that is High During Configuration. 
A multiplexed 1/0 status pin that is Low During Configuration. 
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Table 12. Signals Used in Each Configuration Mode 


Synchronous Asynchronous 
Master Serial Slave Serial Peripheral Peripheral JTAG User Operation 
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Note: 
I = Input 
O = Output 


OD = Open Drain 
VYO= Input/Output 
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